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NEWS NICAM ON TUNNEL VISION 


ws 
PSERVICE TUNNEL v 


hilips research laboratories in 
Eindhoven, Holland have demon- 
strated another new type of transistor. 

It's called a Metal-insulator- 
semiconductor field effect transistor 
(MISFET) and contains the now 
celebrated material, gallium arsenide 
(GaAs). The new GaAs-GaAlAs 
heterojunction displays a negative 
differential resistance at room 
temperature and the discovery opens 
the possibility of a new range of 
analogue and digital integrated circuits 
using GaAs. 

The new technology will consider- 
ably simplify conventional MOSFET 
circuitry, One example of this is that a 
MOSFET exclusive NOR gate typically 
uses eight transistors and five load 
resistors whereas the new MISFET 
gate would employ two resistors and 
one transistor with its load resistor — a 
significant reduction, 

The MISFET has two distinct 
advantages. Firstly, its structure is 
simpler with only one junction and 
secondly there is a clear negative 
resistance region which could have 
special importance for certain 
analogue applications such as 
frequency doublers. 

Philips stresses that the results 
achieved are still at laboratory level and 
manufacture is a long way off 
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ISPABX CPU GENERAL TELEPHONE SYSTEM 
t EMERGENCY TELEPHONE 
————64Kb/s DATA 
LOW SPEED DATA 


he channel tunnel is to be High speed fibre optic digital 

equipped with voice and data _ signals willrunthe whole length of the 
communication systems by 1993. three tunnels and will transmit data at 

The £20 millioncontracthasbeen rates of 140 Mbit/s. As so many 
awardedtoRacal-MilgoLtdtoproduce different types of message are to be 
asystem design for data transmission, sent down these light guides, many 
telephone and public address forthe hundreds multiplexers will be 
tunnel. Itisto be installed andfinished employed to handle the mass of 
before the tunnel is opened, information. 

The teams assembled by Racal Data content will include such 
make the project a joint venture mundane things as administration to 
between an equal balance of British the allimportant signalling of this high 
and French companies. speed rail link. 


LAMBDA 
LIGHT 


COMPUTING 
WITH 
BRAINS 


anasonic has released its latest Station frequency can be tapped in 
multi-band portable radio. tothe numeric keypad for easy tuning. 
The set offers many featuresforthe Alternatively, auto scan tuningallows 
globe-tratting listener including single each station to be heard in sequence 
sideband for the short wave. SSB {as — downthe band. Fine tuningcan also be 
its known) is being used more and made with a rotary dial, 
more by broadcasters because of its The radio has a standard clock 
greater operating efficiency. alarm with a dualtime clock facility to 
Sensitivity. stability and selectivity — keep pace with other time zoned radio 
are achieved usinga micro-controlled — programmes in the world. 


phased lock loop detector with quartz The RF-B65D retails at £179.95. 
synthesis tuner to keep the receiver Further information tel: (0344) 
locked in to the station. 862444. 
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of moving ‘cartoon’ pictures to 
allow deaf people to communicate 
over the telephone network using sign 
language 

The system is still at the 
experimental stage but is believed to be 
the first of its kind anywhere in the 
world. 

Abouta quarter of a million people 
suffer from hearing loss in Britain and 
as many as 50.000 use sign language 
so that atelephone system using visual 
communication would be of benefit to 
them, The equipment has been 
designed by scientists at BT sresearch 
laboratories and at the University of 
Essex. 

So far, experimental trials using 
sign language over the phone have 
been successful, The equipment is 
based on the experimental video- 
phone developed at the BT labora- 
tories some time ago. The phone 


°F T has produced a unique system-— 


TELECOMMUNICATION - 
ais "1 


combines a videocamera and a60mm 
square TV screen. 

For the new system to operate, the 
signal has to be compressed in order to 
be carried down a 4kHztelephone line 
The image coded algorithms, 
developed at Essex University reduce 


the picture content information to a 
point where it can be sent through 
ordinary phone lines at arate of 14,400 
bits per second, The resulting black 
and white picture. referred to as a 
cartoon, is reduced to an outline 
depicting facial characteristics and 
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CT20ON 


THE RAILS 


R has given the go-ahead for 

CT2 or Telepoint, the new port- 
able phone system, to be installed into 
its 2400 stations. 

The handsets can make outgoing 
phone calls only (ETI News Sept) 
provided they are within 200 metres 
of a base station. 

BK has signed deals with several 
operators, including Phonepoint, a 
consortium led by British Telecom. 

Phonepoint, the first to launch the 
service, has also made deals to place 
bases with the Post Office, the Auto- 
mobile Association, London Buses. 
Manchester Airport and motorway 
service stations. This should bring the 
number of sites available to 36000. 

Phonepoint's intention is to have 
a base station every 500m in city 
centres and at points along main 
roads. Progress will be slow as Phone- 
point:intends to have only about 4000 
bases in two years. 

Four rival companies have been 
licensed for the CT2 system, each 
developing their own system. But 
these are not compatible at present 
until a government ruling comes into 
force at the end of 1990 which states 
they must all use the same signalling 
standard called Common Air 
Interface (CAI). The benefits to the 
public will be the choice of buying any 
phone and then registering with only 
one network. 

Each of the four operators will 
have its own charging structure just to 
add to the confusion. Telepoint 
operating charges will be cheaper 
than cellphones, being about a third 
of the cost. The handsets are also 
compact and cheaper than their 
cellular counterparts. 

Manufacture on a large scale 
could see the price falling as low as 
£50 if Europe adopts the same type 


| of service. ee 


WILMSLOW 
OF 
KNUTSFORD 


- BY HAND 


more importantly. showing hand 
movements in real time. 

Larger scale trials are now being 
planned involving as many as 50 
participants but any commercial 
product is thought to be many years 
away. 


SMART 


BANKING 


mart cards. those pieces of plastic 

containing microchips are now 
being investigated for a variety of uses 
by Barclays Bank. 


Smart cards are being used for 
financial transactions in France and as 
we reported in September. Sky 
intends to use them to unscramble 
satellite TV broadcasts. Now it 
appears that Barclays Bank are finding 
more practical uses for them like 
gaining access to leisure clubs. 


KEEPING TRACK 
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LETTERS 


CDs — An open letter to the Recording Industry 


I the seventies, giant leaps in hi-fi 
system technology took place from 
the basic music-centre type system, 
These included metal tapes, Dolby, 
moving coil cartridges, quartz locked 
DC motor turntables, synthesis tuning 
receivers, MOSFET-based amplifiers, 
ferro-fluid tweeters and a myriad of 
various poly-based loudspeaker 
cones. 

In the midst of all this we also 
suffered an appalling standard of 
pressing quality on most records, 
albumsin particular. We saw the record 
industry get their knuckles severely 
rapped resultingin aconsiderable im- 
provement in record pressing quality 
and surface noise in an attempt to save 


the record industry's profits amidst the 
evermore popular cassette tape 
medium. 

Are we now torepeat such a fiasco 
in the eighties and nineties with 
compact disc? There again hasbeen a 
mega-leap forward for sound repro- 
duction with CD players costing from 
aslittle as £50 up to £2500, the average 
being around £200. They sport 
advanced features such as multi over- 
sampling, bit multiplication, digital 
pulse axis control plus all the user 
orientated remote control functions 
and programmable track play. We are 
promised 100dB or more of signal-to- 
noise ratio, —-95dB harmonic distor- 
tion, zero crosstalk + wow + flutter, zero 


hum and superb frequency response. 
Why then is it that after paying all 
this money for the latest digital CD 
player do we find that not one CD.in 
the charts even nearly approached the 
performance of even a standard 
player? 
| have found that the typical signal 
to noise on many chart CDs is a little 
over 60dB (about the same as a good 
record). In addition, some have low 
levels of SOHz hum {again typically 
—60dB) something that should have 
been banished from all recordings 
years ago. The best CD | could find 
(Paul McCartney, ‘Flowers In The Dirt) 
clocksin a mere 75dB signal-to-noise 
ratio some 25dB short of the promised 


magic 100dB. 

The current state of CD recording 
quality makes complete nonsense of 
the latest state of the art technology 
fitted to current CD players. CDs are 
also not particularly cheap and | 
believe the public are being totally 
misled by the promised improved 
quality when the quality of recordings 
are so poor. So I ask the recording 
industry to put some of those huge 
profits back into refurbishing recording 
equipment uptoastandard that at least 
matches today’s hi-fi systems. 

Les Sage 

Sage Audio Electronics 
Bingley 

Yorks 


Working on many leve|s ee 


| sar Mr Linsley Hood is doing a 
good job popularising the concepts 
of energy bands in the theory of 
semiconductors (ETI September) if his 
readers are already vaguely familiar 
with the ideas. Indeed the subject 
ought to be explainable to a childif only 
one step were not left out — where do 
‘energy bands’ come from? 

The conceptual step from energy 
levelsin isolated atoms to energy bands 
in condensed matter (usually in the 
solid state) is easily explained in my 
simple diagram (see Fig. 1). 

As the separation between atoms 
decreases, their outer shells overlap, 
interact and perturb one another whilst 
sharing electrons in forming a 
‘molecular orbital with 2,3, ..N, .. 
energy levels. IfN is large (about 1074 
atoms in lcm”) the energy levels are 
so close together (compared with the 
ambient thermal agitation energy KT at 
room temperature), they can be 
regarded as a continuous band. 

The theory Mr Linsley Hood 
described then follows on from there. 
(The next step backward from there is 
to ask where do energy levels come 
from in atoms — energy exchangesin 
thee*e~ aether). 

Electrons are trapped in the system 
yet are susceptible to external stimuli to 
store energy by occupying unused 
energy levels in the conduction band 
— and conduction is continuous to all 
energy levels up to the ionisation or 
‘work function’ energy of the material. 

The reason the energy levels 
perturb is usually called the Pauli 
exclusion principle, that no two 
electrons in a system may possess 
identical quantum numbers describing 
their electron charge-density prob- 
ability distribution. This simply means 
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they may not occupy the same physical 
space, that they have physical space, 
that they have physical volume exclud- 
ing one another (unlike mere 
vibrations) and are classified as 
Fermions, obeying the Fermi-Dirac 
statistics for filling energy levels up to 
the Fermi level at O°K (these stats 
actually define the Fermi level). 

So in filling an isolated atom’s 
energy levels first there is electrostatic 
repulsion separating electrons on the 
same energy level (but different 
geometrical distribution) into single 
electrons. Then the weaker magnetic 
coupling forces them to pair spins as 
the onlyremaining low-energy option 
for stable neutrality. 

This explains the extremely high 
paramagnetic properties of the earlier 
4d transition elements in the periodic 
table producing ferromagnetism and 
remnant magnetism in crystal arrays 


cooled below a critical thermal coup- 
ling constant (Curie temperature). In 
the theory of superconductors elect- 
tons are supposed to pair spins 
(Cooper pairs in classical BCS theory) 
in molecular orbitals (energised 
currents) that persist throughout the 
material structure in the absence of any 
thermal disruption — though this 
theory has been broughtinto doubt in 
recent years since the discovery of high 
temperature superconductors fabri- 
cated from ceramic mixtures. 

The theory of finite-N energy 
bandsis of interest in developing higher 
density molecular memory devices in 
the coming years (using about N = 20 
atoms). 

The same theory enables us to 
understand how hydrogen can 
become metallic under extreme 
pressure and low temperature, by 
perturbing the energy levels in an array 
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of atoms so much that the valence 
band overlaps the conduction band. 

Obviously the mathematical 
theory of wave mechanics is too 
complicated for schools, but a 
qualitative description should be easily 
appreciated by literally everyone if the 
high ideals of the standard curriculum 
are realised in good textbooks (to help 
the teachers too). As to a definition of 
‘good’ it has to communicate ideas 
without the central information being 
lost in the sophistry of slick gloss. You 
can bet however there willalwaysbe a 
two-tier system of knowledge mono- 
polising understanding for the elite — 
ouch bite your tongue! You imagined 
that it didn’t happen. 

Yours sincerely, 


P. J. Ratcliffe 
Stevenage, Herts. 


his month | had intended to report 

on the testing of the amplifier 
system for the shearwater sanctuary 
(see opposite), but eventsincludinga 
defective item of computer hardware 
have delayed everything, so that the 
amplifier is likely to be complete and 
tested several days after the publication 
deadline, | shall report on this next 
month, and deal with a different audio 
subject this month, 

Mr D J Bruyns of Port Shepstone 
writes to ask if it is possible to build a 
loudness control onto a hi-fi amplifier 
without using a tapped volume con- 
trol. He has added a loudness control 
using a tapped potentiometer to a pre- 
amplifier for his ET] MOSFET power 
amplifier but finds that the sections of 
the pot do not track. He would prefer 
to use an untapped potentiometer of 
higher quality and have the loudness 
control totally separate. 

To answer this question, we must 
first consider the normal way in which 
aloudness control works. Fig. 1 shows 
a typical circuit using a tapped 
potentiometer, A linear potentiometer 
is used with R2 providing loading 
to the centre tap to give a piecewise 
linear approximation to a log 
characteristic. The switching is 
arranged so that this loading takes 
effect whether or not the loudness 
function is switched in. When it is 
switched in however, signal with a 
modified frequency response char- 
acteristic is applied to the centre tap. 


VOLUME 


Frequency Response 

When the loudness switch is in the ‘on’ 
position, Rl and Cl feed acontrolled 
amount of extra high frequency signal 
tothe tapping on the volume control of 
the potentiometer. It is not possible to 
provide extra bass without complicat- 
ed circuitry, so C2 and R2 cut middle 
and treble by a controlled amount, 
leaving only the bass unaffected, The 
net effect of all this is to cut the middle 
frequency range leaving the extremes 
of bass and treble unattenuated. 

When the loudness switch is 
turned on, however, the overall 
volume does not reduce because 
switching on the loudness cuts the 
loadingtothe centre of the pot. Clearly, 
the effect of the frequency shaping is 
much greater when the wiper of the pot 
isbelow the tap and reducessteadily as 
the controlis advanced beyond the tap. 
The purpose of this is to provide extra 
treble and bass only when the volume 
settingis low, and to diminish this effect 
as more realistic listening levels are 
reached. 

The snag with this, apart from the 
need for a tapped pot. is that the 
amount of boost and cut will only be 
correct in terms of the response of the 
ear with one particular relationship 
between signal input level and loud- 
speaker efficiency. Thus. for example, 
if the whole system is accurately set to 
match the ears response curve on say 
the tuner input setting. it willnot match 
the CD input if thatis at a different level. 


The problem is furthercomplicated 
by the fact that the intention is tocom- 
pensate for the reduced sensitivity of 
the ear to the extremes of the audible 
frequency range at low sound levels, in 
order to make music sound more 
natural than it otherwise would if it is 
played too quietly. While the hi-fi purist 
may not goalong withthe idea of loud- 
ness compensation, the perfectionist 
would wish to apply it as accurately as 
possible, which the tapped pot does 
not do. 

There is one simple way to provide 
loudness compensation, which does 
not require a tapped potentiometer, 
but which does suffer from the other 
drawback of inaccurate compensa- 
tion. This method is shown in Fig, 2, 
and is often used in cases where an 
amplifier must be repaired and a 
tapped potentiometer is unavailable. It 
has no great virtues, except that it 
works better than nothing. 

The circuit shown in Fig. 3 provides 


separately variable loudness which can 
thus be adjusted to suit the program 
material and the listener's ears. It uses 
the same loudness compensation 
network as the other two circuits, but 
simply adds frequency shaped signal 
to signal with flat frequency response 
to vary the overall characteristic. 

General points: the op-amps used 
in these circuits, the NE5534, and its 
dual version the NE5532. are chosen 
because they are low-noise devices 
with very low distortion, plus they do 
not have some of the audio problems 
of other op-amps. 741s most emphat- 
ically will not do, 

Turning up bass and treble controls 
to simulate loudness compensation 
does not work very wellin most cases, 
because the frequency response of 
Baxendall tone controls does not 
match the ear's response curve as well 
as a specially designed loudness 
control, 

Andrew Armstrong 
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INSIGHT 


s announced last month in 

Andrew Armstrong’s Blueprint 
column. ETI has become involved in 
the Dyfed Wildlife Trust's struggle to 
establish a breeding colony of Manx 
Shearwater sea birds on Cardigan 
Island. 

Thisisland offers arare opportunity 
to re-establish colonies lost during this 
century. as the cause of the demise of 
the threatened birds on the island — rat 
infestation — has now been elimin- 
ated. 

Andrew Armstrong is designing a 
special low-voltage amplifier that will 


amplify shearwater bird-calls each 
night through the breeding season. in 
the hope that this will encourage birds 
to return. 

The equipment — solar cells. a 
special recorder from Racal Recorders. 
Deta-Leda batteries and so on — 
cannotbe taken tothe island by boat as 
the sea and rockscombine to make the 
voyage and landing hazardous for crew 
and impossible for equipment. 
Airlifting is the only solution, The first 
lift was scheduled for August 15th. 
Mick Baines of the Dyfed Wildlife Trust 
takes up the story. 


Dawn broke on Monday 14th with 
clear blue skies and little wind. High 
water was around 6 am and in prepar- 
ation for that afternoon's meeting on 
the island, I crossed Cardigan Bay in 
my 10ft inflatable boat and beached it 
in acove near the Cliff Hotel. 

Within minutes the wind gathered 
strength to gale force. It continued to 
blow hard forthree days, whipping the 
sea up into dangerous surf, The boat 
remained stranded for the duration of 
the exercise. 

On Tuesday morning. the day of 
the airlift. the Visnews TV crew arrived 
at the Cliff Hotel and walked down the 
coastal path to stare helplessly at the 
pounding surf. Ferryingthe crew to the 
island was too risky. 

Icalled Rod Penrose of the Trust up 
onthe CB and relayed the disappoint- 
ing news. By that time he had been 
joined on Poppit beach by Flight 
Lieutenant Allen Snowball, the RAF 
ground crew for the Sea King heli- 
copter. He called up Aberporth Air 
Traffic Control from his well-equipped 
Landrover, and theyinturn put us onto 
the pilot of a SWEB Bell Jet-Ranger 
operating from the airfield. There was 
just a chance that we might be airlifted 
onto the island in that aircraft. 

We joined the gathering throng on 
Poppit sands for interviews with the 
BBC, HTV and Visnews. Then Rod. 
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the Visnews cameraman and | took the 
equipment up to Aberporth for a trial 
lift by the Sea King. 

The SWEB pilot was in the control 
tower with the RAF crew and readily 
agreed to ferry the Visnews camera- 
man and myself onto the island. 
Initially there was talk of hundreds of 
pounds per hour plus VAT! But after a 
little discussion he brushed aside all talk 
of payment and promised usa free lift. 

First attempts to lift the equipment 
in a net brought Rod to the verge of a 
coronary but the problems were soon 
overcome, From the air the ancient 
field systems on the island stood out 
clearly. Our pilot carefully edged the 
Soay sheep away from our agreed 
landing point and settled the SWEB 
down gently on the island. in spite of 
the howling gale that buffeted the 
helicoptor. 

Lieutenant Dick Ormshaw flew his 
Sea King over the island to check our 
position before carrying out a faultless 
lift from the beach in front of TV crews 
and scores of onlookers. 

The flight out to the island took less 
than a minute, butthen began the dif- 
ficult manoeuvre of turning the big 
machine into the wind and gently 
winching the load down onto the 
western summit of the island. Once 
they had rested the solar-powered 
equipment on the ground, the winch- 


LIFE 


man paid out the slack so that the pilot 
could put his helicoptor down to one 
side. still attached to the load. The crew 
jumped out and we all helped lift the 
cabinet, weighed down by heavy 
batteries, off the net. 

With the net gathered back into the 
machine. the Sea King flew off at high 
speed to execute a spectacularly tight 
turn over the beach before returning 
the net to its owners at RAF Brawdy. 

We remained on the island for 
another hour, filming seals and sea 
views before taking off again for 
Aberporth, It occurred to me then that 
perhaps the last people to have been 
on the island in such heavy weather 
were the hapless crew of the Hereford. 


the ship that foundered on the island 
in 1934 unintentionally bringing the 
rats that had sucha disastrous effect on 
the island's ecology 

Representatives from Racal, the 
designers of the solid-state recorder 
used in the equipment. had come 
down from Southampton for the event 
and they joined us with the RAF flight 
crew for a drink in a private club in 
Cardigan, where we watched the HTV 
and BBC coverage. 


Next month Andrew Armstrong 
will describe the operation of his 
amplifier and we will continue to cover 
the operation to save the shearwaters. 


etworks are the topic of the day. 

Not so long ago, and in this very 
column, cordless telephones of the 
CT2 variety (second generation cord- 
less phones, linked to the public 
switched network via transmitter/re- 
ceivers positioned in public places} 
were described, If you're in any doubt, 
these hand-held pocket-sized phones 
are only capable of makinga telephone 
call when they're within line-of-sight of 
these transmitter/receivers. They're 
also only capable of making a call — 
not receiving one. 

As such, they're only a cheap 
alternative to a full cellular telephone 
network. Nevertheless, at around a 
quarter the outright cost of a cellular 
phone, and with much lower running 
costs, they would give many people 
the option of telephonic freedom at, 
perhaps, a more realistic price. CT2 
networks, in many journals, have been 
given the collective name telepoint. 

Now the whole CT2 possibility isin 
jeopardy. Our illustrious Government 
has recently announced plans to issue 
licences for three operators of yet 
another type of mobile telephonic 
network, by the end of the year. Cur- 
rently, it looks as though consortiums 
led by Cable & Wireless, STC and 
GEC/Plessey are in the running for 
licences to operate these new personal 
communications network (PCNs). But 
existing cellular telephone operators 
are not allowed to apply! This will 
probably have far-reaching effects on 
the likes of Cellnet and Racal Voda- 
fone, as [ll point out later. 

Comparing the three types of 
mobile networks, a pattern emerges 
which we can consider further. As I've 
said, CT2 allows simple two-way tele- 
phone communications within line-of- 
sight of transmitter/'receivers, although 
callscan only be made — notreceived. 
Handsets are fairly cheap (around 
£150) and for a small cost a paging 
device is usually optional so that the 
user can be made aware of the fact that 
someone wishesto communicate. The 
user simply returns the call. 

Cellular communications operate 
on the principle of many individual 
cells over the country, so that a user 


T2 


within any particular cell can be con- 
nected to the public telephone network 
by the transmitter/receiver located in 
the cell. Roamingbetween cells during 
and between calls is made possible by 
the inclusion of complex switching ex- 
changes located around the country. 
Handsets range from cheap and 
cheerful versions with few features (at 
around £100 or so — in my local town’s 
free paper, one enterprising advertiser 
is offering handsets free to purchasers 
of satellite TV dishes and receivers — 
but beware the small print installation 
charge) up to pretty expensive beasts 
(£1000 or so) which make the tea 
when you ask for it. Running costs, 
however, are pretty steep. First, there 
is a rental of around £300 a year, plus 
the call charges (much dearer than 
conventional landline telephone call 
charges) on top. 

PCN systems will be positioned 
somewhere between the two, They will 
be based on cellular technology (which 
is well proven) but will be much 
cheaper. The Government has left 
open the choice of standard until ap- 
plications for licences have been 
received, One of two standards, GSM 
or DECT, willbe used — both of which 
are digital cellular systems allowing 
pan-European operation. GSM is 
already well defined, while DECT 
probably won't be defined for a good 
few months yet, so it’s more than likely 
that GSM will be chosen. Conse- 
quently, achoice of the GSM standard 
will mean that equipment could be 
available by 1992. 

Now that we've compared the 
three networks we can look at the 
consequences of their existence. First, 
if PCN is cheap yet has much better 
characteristics and featuresthan CT2, 
it's going to reduce CT2’s potential. In 
effect, CT2 only hasa year or sotoget 
up andrunning, and to prove itself as 
aviable communications system with 
a large customer base. After this, the 
possibility of a much superior system 
just around the corner, and not that 
much more expensive, will prevent 
further customers from signing up — 
they will prefer to wait a few more 
months until PCN takes off. 

Second, PCN will be of much 
lower cost than cellular telephone 
systems, This means that cellular costs 
must come down to compete. Cellular 
operators such as Racal Telecom have 
already begun to feel the pinch, with 
recent share price falls after the 
Government's announcement to issue 
PCN licences. The Government has 
also placed some severe technical 
restrictions on the cellular operators, 
designed to handicap their effective 
current monopoly until PCN operators 
can get their systems up and running. 

The problem appears to be that a 
PCN communications system may 
damage irreparably both the com- 


munications networks itis designed to 
complement. The introduction of any 
PCN system must be closely moni- 
tored to ensure neither other network 
is harmed. 


Virtually There 

Although I've given details in the past 
regarding centrex, that is use of part of 
asingle local or central exchange asa 
sort of private branch exchange, a 
further note of how the situation is pro- 
gressing is worth taking. Users of 
centrex do not need a private branch 
exchange as the switchboard of a 
business — instead all telephones 
within the setup are connected directly 
to the local or central exchange, and 
are software controlled such that they 
act as if a private branch exchange isin 
force. Advantages are pretty obvious: 
the large initial outlay of the branch 
exchange on the premises is by- 
passed, the system is infinitely flexible, 
future options are all defined by soft- 
ware changes and so on, 

The concept of centrex, however, 
is being taken to greater heights as 
network operators are looking on 
centrex to form the basis of private 
virtual networks (PVNs) — where a 
private network is setup between users 
on a national or international level. 
This incorporates more than one local 
exchange at as many business sites as 
the user desires, 

Ascentrex really only works when 
digital telephone networks are in place, 
PVNs are currently just starting to be 
seeninthe USA, but willbe more in the 
news here as British Telecom's progress 
toward the integrated services digital 
network continues. 


ITV Dilemma 

Independent television looks as 
though it’s about to be shaken up by the 
Government. Many suggestions, 
including the Government's own that 
each regional transmitting franchise 
should come up for grabs to the highest 
bidder and that the Independent 
Broadcasting Authority should be 
reorganised without any teeth, have 
been bandied about, 

The independent television com- 
panies have got together and arqued 
their case that they're doing a fine job 
as they stand, and that there's noneed 
to change for change’s sake. Under- 
neath it all of course, their fear is one of 
lost revenue as advertising shifts from 
them to the satellite channels. 

To this end, they've placed large 
(full-page) and expensive advertise- 
ments of their own in national news- 
papers and magazines, trying to create 
the impression that satellite television 
services cannot hope to compete with 
independent television quality. Main 
argument in these advertisements is 
one of programme cost. Figures have 
been quoted for hundreds of thous- 


ands of pounds to produce some 
independent television programmes, 
while fiqures of just a few thousand are 
stated for satellite equivalents. These 
figures are probably true — I've no 
reason to think otherwise and they 
haven't been strongly opposed by any 
of the satellite service providers — so 
what does this lead us to believe? 

Firstly, are independent television 
programmes too expensive? Do we 
really want programmes the quality 
and lavishness of, say, Brideshead 
Revisited (one of the few quoted by the 
independents’ advertisements}? If we 
do, can they notbe made on asmaller 
budget? I'm not even going to attempt 
to answer these questions. It's 
sufficient, | believe, to consider an 
example in history when television 
programming was just starting. Atthe 
time, I'm convinced the Hollywood 
moguls and their ilk were feeling the 
same as the independent television 
companies are feeling now. After all 
how could movies, with their budgets 
of millions (in today’s terms) expect to 
compete with television’s budgets of 
tens of thousands. In the long run, of 
course, the higher budgets of movies 
have won through, and cinemas and 
the moguls themselves still make 
healthy profits. 

Second, the independent tele- 
vision companies are merely trying to 
create a self-imposed smokescreen. 
They really need to stop whinging and 
just get on with it. Their higher 
programming costs can, I'm certain, be 
trimmed by agreat deal without losing 
any programme quality or programme 
content. In the past there has been no 
similar competition (I'm discounting 
the BBC asits revenue is from licence 
fees rather than advertising) and so 
programming costs have largely been 
self-imposed. After all, if programmes 
cost™more to produce, a simple 
increase in charges to advertisers '‘will 
cover the difference. With many 
satellite channels (and many more 
other potential channels by microwave 
means, and so on) advertisers will be 
able to shop around to get the best 
deals. 

But this doesn't mean that adver- 
tisers will move for the sake of getting 
cheaper air time, does it? Advertisers 
will place their adverts where they feel 
most people of the category they wish 
to target will watch. And good quality 
programmes and conterits will ensure 
the independents can maintain a 

‘reasonable share of the viewers and so 
maintain a reasonable share of 
revenue. 

By all means Keep costs to a 
minimum — they'll be able to do that 
by simply not paying such inflated 
salaries to their overpaid staff — but 
above all, belt up arid get on withit! 


Keith Brindley 
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the interconnecting lines represent the weighting 
factors and the numbers within the nodes represent 
the threshold. Clearly the nodes are analogies of 
neurons and such circuits are generally referred to as 
neural networks, 

At this point it would be useful to take a simple 
example to show how such a network could carry out 
atask. Let's assume that we intend to build a domestic 
robot, the duties of which are to feed the household 
pets — namely a cat, a dog and a rabbit. The robot 
is able to detect whether the animal is wearing a collar 
(either the cat or the dog). whether it has long ears 
(either the dog or the rabbit) and whether it is white 
(the cat or the rabbit), The cat is to be given fish and 
milk, the dog a bone and water and the rabbit lettuce 
and water. 

A neural network of the form shown in Fig. 5 
would be able to solve this problem. It can be seen that 
the neurons are arranged in two layers, an input layer 
and an output layer. Every member of one layer is 
connected to every member of the other. 

In actual fact this type of network is rarely used 
as it has been proved mathematically that it is not able 
to evaluate the XOR (exclusive OR) function, 
eliminating a large number of potential applications. 
Instead, at least one hidden layer of neurons is added 
between the input and output layers and the XOR 
limitation is overcome. 

The domestic pet feeder problem is re-worked 
as a three layer network in Fig. 6. In both Figures 5 
and 6 the thicker lines indicate excitatory connections 
and the thinner lines are inhibitory. In such a case the 
various weightings could be worked out without too 
much difficulty but this is a trivially simple example 
of a problem which could easily be worked out using 
a conventional computer. In the general case the 
number of neurons and interconnections would be 
too great to program the network by working out and 
applying weighting factors, Instead a network requires 
to be ‘taught’ using a process of trial and error. 


Learning By Experience 


In order to be able to teach a neural network, the 
circuitry needs to allow the weightings of the 
interconnections to be changed interactively. This is 
the basis of an adaptable neural network, one which 
is able to learn from experience, another of those goals 
much sought after in the realm of AI. 

A neural network does not learn by itself, it 
requires a teacher which could be a person or more 
likely a conventional computer. An un-programmed 
network will start life with all the weightings set to 
random low values. 

To start teaching it, the first pattern is applied to 
the inputs and the outputs compared with the 
required output. The difference between the actual 
and the target outputs is used to work out which 
weightings require modification. The required 
interconnection weightings are modified by a small 
amount and the process repeated. This continues, 
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perhaps hundreds or thousands of times, until the 
output converges on that required. (If an attempt was 
made to effect too rapid a convergence, the outputs 
would oscillate about the required result with each 
pass.) 


Having taught the network to recognise one 
combination of inputs the teaching continues with 
subsequent input combinations until the network is 
able to recognise all required combinations. If we 
consider that the inputs could correspond to whether 
or not a pixel of a rasterised image is illuminated, then 
we start ta see the scope for image processing, 
character recognition and so on. 


Properties Of Neural Networks 


In the example of the domestic robot, the three layer 
network had the concept of cat, dog and rabbit 
represented by a single neuron each, In all but the 
simplest of cases this would not be so and a typical 
network of a few hundred nodes would have any 
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particular concept represented by a particular 
combination of nodes being active. There are a 
number of important implications of this, many of 
which are common to the human brain. 

One implication of this so-called distributed 
memory is automatic generalisation. As an example, 
assume that nodes 7, 8, 15, 21 and 34 when 
simultaneously active represent ‘shoe’. The likely 
representation of a closely related object such as ‘boot’, 
would certainly be similar — say 7, 8, 15, 21 and 48. 
Now if the network has been taught that shoes are 
worn on the feet, it is highly likely that the network 
would ‘assume’ that boots are worn on the feet even 
though it had never been specifically taught this fact. 

Immunity to damage is another result of 
distributed memory, one which makes neural 
networks of significant interest to the military. In a 
conventional computer, any damage to a small 
portion of the circuitry is often catastrophic — the 
whole thing just ceases to operate. Damage to a small 
part of the memory might not be fatal but certainly 
some portion of data would be lost completely. 

Not so in a neural network. A result of the fact 
that a particular concept or item is represented by a 
potentially large number of neurons is that damage 
to a small number is likely to slightly degrade the 
‘understanding of various items rather than obliterate 
it. This is certainly consistent with the observed results 
of aging on the human brain. As people get older they 
often find it progressively harder to recall information, 
but never suddenly announce that they have never 
heard of a car, or cannot grasp the concept of Friday. 

Another aspect of distributed memory is the 
neural network's ability to cope with partial data, 
currupted data and slightly different variants of the 
same data (such as the figure nines discussed earlier). 
Such are the number of nodes representing say the 
figure nine, that quite a number could be missing or 
misplaced (or extra ones present) without the network 
failing to recognise it. Once again this is consistent with 
the operation of the brain. As an example of the 
versatility this offers, Fig. 7 shows a well known face 
in detail and in outline. The human brain still 
recognises both versions of this picture — a neural 
network could do the same. P 

A neural network can be considered a parallel 
processing computer taken to the extreme. To those 
familiar with parallel processing (using perhaps the 
Inmos Transputer), the implications of this will be 
obvious. A neural network can operate very quickly. 
In addition the time taken to come up with a result 
does not depend on the complexity of the task. For 
agiven network the time taken for signals to propagate 
from the input to the output will always be the same. 
The human brain with response times in the region 
of 0.1s (being essentially chemical in operation) is 
much quicker than standard computers for pattern 
recognition. The potential of an electronic neural 
network is really something to speculate on. 


History Of Neural Networks 


Neural networks, parallel distributed processors, 
connectionist machines - call then what you will. 
Despite all the hype about them in today’s Al circles, 
they are not new. Research into simulating the brain 
goes right back to the start of the computer age and 
it was probably only because the von Neumann 
architecture ‘got there first’ that interest in neural 


research faded somewhat. 
Even so, the 1950s still saw a significant amount 


of effort put into neural networks. Invented by Frank 
Roseblatt, the Perceptron was a two layer network for 
classifying input patterns. Ironically, despite its success 
in the purpose for which it was designed, it served to 


put neural research into the doldrums for acouple of 
decades as it was:the vehicle used by Minsky and - 
Papert to show that such networks had the inherent 
XOR limitation mentioned earlier, Unfortunatelytthe 
fact that the inclusion of a hidden layer overcomes this 
problem did little to alleviate the effect of thisdownturn | 
in interest. Neural networks have only emerged ina‘ 
big way again in the last three years or so as itbecame | 
more and more obvious that the von Neumann 
architecture did not, after all, provide the universal 
panacea. 


Real Products 


So exactly who is doing what with neural networks 
and what does the future hold? Surprisingly, only 
quite modest networks have ever been built. 
However, this is about to change, as a number of 
companies including Fujitsu, Cal Tech and Synaptis 
(anew company specialising in neural technology set 
up by Dr Federico Faggin, the founder of Zilog and 
inventor of the Z80) have announced plans for 
neurochips. 

Ironically, the lack of networking hardware has 
meant that most research work on this topic has used 
software emulations of neural networks running on 
von Neumann computers! This doesn't place in doubt 
the future of neural architecture however, Although 
such simulation is possible, itis carried out sequentially 
which for an array of a few thousand nodes would 
keep even a Cray busy for quite a while! 

So just what has been achieved so far? The 
following is a selection of applications which have 
come off the drawing board: 

Fujitsu has built an experimental robot driven by 
the outputs of a neural network, the inputs connecting 
to various sensors, This robot is able to adjust to its 
surroundings and is expected to form the basis for 
developing a flexible real-time controller for use with 
industrial assembly robots. The intention is for these 
to adapt to their surroundings and hence not have to 
be programmed with a specific sequence of events. 

Nestor, one of the old timers with 13 years in this 
up and coming industry, has a number of products. 
Of particular interest is one aimed at Japanese text 
entry, a severe problem with a language of over 
30,000 characters (imagine trying to find a character 
on a keyboard eight feet square!). The Nestor system 
allows handwritten input to be read and passed along 
toa PC. Other systems for recognition of handwritten 
text are available. On a quite different tack, Nestor has 
a system to predict trends in the securities market. 

NEtalk, developed at Princeton University, reads 
plain English text and drives a phoneme speech chip 
giving a spoken language output. Certainly this has 
been done on a conventional computer but at the 
expense of a considerable degree of programming 
effort. Apparently NEtalk was trained in about a day, 
having initially produced streams of gibberish. 

Wizard, designed at Brunel University, takes 
signals from a TV camera as its input and carries out 
complex image analysis. It has been demonstrated on 
a trivial yet impressive task of learning about 
expressions on human faces and subsequently being 
able to indicate whether a face is smiling or frowning. 
More practical applications are optical character 
recognition and analysis of medical imaging. 


Conclusion 


I suppose we shouldn't call this a conclusion since the 
whole article is just an introduction to this embryonic 
technology. Three years ago we introduced the ETI 
readership to an area of computer technology which 
had barely left the research laboratories — namely the 
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Fig. 7 Decreasing detail of a human face (photo courtesy Thorn EMI Video) 


RISC processor. At that time we concluded by posing 
a hypothetical question - whether RISC technology 
would indeed shape the future or whether it would 
be destined to just a place in the history books like 
bubble memories. Far from being committed to 
obscurity, we have seen the Acorn Archimedes being 
based on the ARM RISC processor and, in the last 


year, RISC offerings being launched by major 
semiconductor manufacturers. 

We could say that neural networks take the 
concept of RISC and parallel processing to their 
ultimate conclusion. Let’s hope that their future is 
equally assured — I for one can't wait to get my hands 
on them! 


THE VFM TOTAL KIT 


Wilmslow Audio’s new VFM speaker kit is remarkable 
VALUE FOR MONEY! The design uses an Audax bass 
unit and a Peerless dome tweeter integrated by a multi- 
element crossover and gives excellent results for it’s 
modest cost. 
The kit contains all the cabinet components (accurately 
machined from smooth MDF for easy assembly), 
speaker drive units, assembled crossovers, grille foam, 
wadding, binding post connectors, screws, assembly 

y instructions, etc. 


Dims: 310X206 240mm 
Amp. suitability: 

10-50 watts. 

Impedance: 8 ohms 
Response: 70hz-20Khz 


PRICE: 
£69.95 per pair 
plus carr/ins £8 


EN telephone credit card orders = 


WILMSLOW AUDIO LTD 0625 529599 
NEW ADDRESS AFTER SEPTEMBER 25TH 


Wellington Close, Parkgate Trading Estate 


Knutsford, Cheshire WA16 8DX Tel: 0565 50605 
(Closed all day Mondays) 
DIY Speaker Catalogue £1.50 post free (export $6) 
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WSize only 80x60x40mm. Mi Switchable 
detectionindicator. Mi Wide 85° coverage. 
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Quantity discounts start at 3 units 
Security Specialist 
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ver wanted to return to the good 
old days of rock and roll? Ever 
longed to relive those hours of ill- 
spent youth at that classic live concert? 
Well you're in luck. A new permanent 
exhibition has opened in the heart of London — a 
show of animated and static rock star idols performing 
their greatest hits. The Rock Circus has come to town! 

Rock Circus is housed in the top floors of the 
Pavilion, the new shopping centre off Piccadilly 
Circus. There you can see and hear how your music 
heroes established themselves as part of our music 
culture in an entertaining and appealing presentation. 
Some might even call it revolutionary, for what you 
will see and hear cannot be experienced in public 
anywhere else in the world. 

Upstairs the show comprises a display of life-size 
robots mimicking the motions and mannerisms of 
their human counterparts from the pop music world. 
Plenty of other stars appear downstairs but unfortu- 
nately they have not been granted the privilege of 
articulation. 

The Tussauds group, famous for its wax figures, 
conceived the idea about three years ago when the 
company was looking to launch a new entertainment 
in London. Market research found rock music to have 
the greatest potential as a popular theme. 

Madame Tussauds is well known for static 
displays of famous (and even infamous) characters 
past and present both at its London base where we 
are told “the wax really works”, and at other display 
sites such as Windsor Castle. But to present a 
permanent display of ‘stiffs’ in what is a very vibrant 
and dynamic section of our culture was a bit of a non- 
starter to say the least. So the only option open to 
them was to get those dummies moving. How could 
it be achieved? 

It so happens that a Walt Disney production team 
in the States was the first to produce robots in human 
form but it has been the Tussauds group that 
developed the idea further, particularly in the area of 
moving limbs and facial expressions. But there is a 
price to be paid for all this angulation. The huge 
number of mechanical parts installed into the body 
of the robot makes it impossible to fit in a power source 
and control centre. The ‘animatronic’ therefore does 
not have the means to move independently, and all 
movement is controlled externally. You can see this 
in the picture of the ‘fab four’. No chance of Ringo 
going walkabout here! 


Geoff Martin waxes 
lyrical at the star- 
studded premiere of 
London’s newest 
attraction — audio 
animatronics’ finest 
hour 
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Not wishing to be imitated, Madame Tussauds 
patented their developments, trademarking them 
under the term audio animatronics. The skill of the 
group in producing life-like figures coupled with their 
animation techniques gives them a world lead and a 
unique exhibition. So at a cost of £10 million and 50 
figures of the biggest names in rock history later, the 
show has got underway. 


Pick Of The Pops 


Just who should make it into this immortal rock show 
was a painful and lengthy decision process but the 
choice was left to Pau! Gambaccini, an acknowledged 
authority on the history of rock and pop. Just some 
of the names include: Elvis, Elton, Stevie Wonder, 
Little Richard, The Who, The Stones and of course 
The Beatles. The fab four are in fact deemed 
important enough to appear twice — first as ‘stiffs’ in 
Cavern gear, then as robots in 1967 garb. But we 
digress, so back to the storyline. 

To achieve co-ordination over such a complex 
array of moving figures, sound, lights and effects has 
taken two powerful computers and a considerable 
amount of time to work out. One computer controls 
the animatronic figures and sound, while the other 
takes care of the lighting, stage movements and 
effects. The biggest problem for the engineers was to 
program the robotic movements into the computer so 
they would synchronise accurately with the music. 
The process has taken about a year. 

When the final selections of the ‘greatest rock 
music of all time’ had been made, the recordings and 
introductions were mixed down onto laser disc. Many 
compact discs were compiled especially for the show 
along with a 12-inch master, Tim Rice (your robotic 
compere throughout the finale) wrote and voiced the 
scripts for the animatronic section of the show in an 
uncharacteristically punchy style. To help co-ordinate 
all the actions, a time-coded track was also recorded 
onto the master 12-inch laser disc. This sequence of 
pulses instructs both computers to operate and 
arrange everything else at the right time. 

Every action from limb movements to stage 
rotations and video effects is blown into EPROM. 
Each animatronic stage set has its own EPROM to give 
the system the flexibility of being updated at any time, 
should extra characters be introduced. With this in 
mind, there is a space called the ‘hot spot’ where the 
next giant of rock will stand — voted for by the 
punters. 
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Four-sprung durch technik — the prefab four operating with a little help from their tubes 


Blowing In The Wind 


The heart of the robotic action depends upon con- 
verting electronic control signals into movement. This 
movement is achieved in two ways. Firstly a servo 
pneumatic system is used to give varied speed and 
proportional movements. These are used for main 
limb actions and also where slower, more delicate 
movements are called for. The incoming digital signals 
are converted to analogue voltages which then 
operate servocylinders. The change in air volume and 
pressure, proportional to the analogue voltage, moves 
a piston and so movement occurs. 

Secondly, pneumatic switches are adopted in 
actions where quick changes are demanded. This 
happens in sudden arm or eyelid movements. Here 
the signals maintain their digital form and operate 
solenoid valves which open and close the air flow to 
the cylinders. 

All movements are powered by compressed air 
working at 850kPa pressure (don't panic — that's 
120psi for old timers). As so many facial and limb 
movements are required, there is no shortage of 
plastic pipelines leading in and out of the bodies (see 
back view of the Beatles photo)! 


The Sound Of Silence 


One major new feature of the show is that all the 
exhibits take place in complete silence. You explore 
the music of Rock Circus totally in the privacy of your 
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own head by using cordless headphones. Everyone 
who enters the show gets a pair of these to put on. 
It creates a strange situation - never before will you 
have seen so many people walking around wearing 
sonic earmuffs. Sometimes it gets difficult to know 
who is real and who is not. 

The way the cans work is not a new concept as 
the idea has been around since the invention of 
remote controlled TV. It's all done with infra-red 
beams. Digital stereo audio (from compact disc) 
frequency modulates an infra-red beam. It is 
transmitted in a cone from above, just as a downlighter 
would with light. This method of transmission creates 
a tight radiation pattern to reduce co-channel inter- 
ference from the next music maker. So as you walk 
around, the sound automatically switches from zone 
to zone. Clever huh! 

The headphones detect the infra-red beam and 
the signal is demodulated to restore the audio. Hi-Fi 
stereo is then amplified and delivered to your ears in 
the normal way. Happily you do have a volume 
control to suit your listening requirements, be it mind- 
blowing or otherwise. It's a good audio system (hi-fi 
but not super-fi), and is ideal in this situation. When 
you've finished with them for the day, the headsets 
are returned to be recharged overnight ready for the 
next punter, complete with sterile padcovers. 

To overcome the problem of a stage set change, 
a mountain-will-go-to-Mohammed technique was 
adopted. Put three stage sets around in a circle and 
rotate your audience on a revolving theatre in the 
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centre — brilliant! That way you get three audiences 
on the move at any one time. A good idea which also 
serves to get maximum audience throughput. 

In summing up | would award full marks to the 
Tussauds Group for accuracy in the features and 
appearance of the models (except Cliff Richard), no 
surprise as they have had so many years in this field. 
However, | did expect the animatronic figures to be 
a little less robotic in their movements. Knowing the 
time it took to program in those movements, and 
cramming the mechanics into such small spaces, it 
could take forever to develop what appear to be 
natural actions. 

Having said that, the highlight for me was to see 
the movements of ‘Phil Collins’ playing his (or should 
I say its) drum set with the drumsticks that the real Phil 
donated. This lasting memory perhaps is due to the 
accompanying effects such as the drums appearing 
from the stage below just in time for the drum break 
of ‘In The Air Tonight’, and the pencil beam laser light 
piercing the smoke and reflecting from the drum kit 
in what appeared to be every direction (one assumes 
that not to be the case as the engineers must have 
arranged the reflections very carefully to avoid direct 
eye contact}. 

Other highlights include Bobby Dylan giving us 
a rendering of ‘Times They Are A Changing’ whilst 
playing guitar and harmonica. It was a treat to see 
realistic fretwork with his pneumatic left hand (air on 
a G-string, one might say). Also Madonna with her 
animated tiger whose eyes lit up on hearing some of 
her dulcet tones and on to mixed film shots of the 
space shuttle take-off with David Bowie ‘floating 
round his tin can’. Finally the Beatles bring the show 


to a close in full Sergeant Pepper regalia, and 
supported by an updated set of cardboard cut-outs to 
complete the album cover recreation. This must be 
a show where, in their words — ‘a splendid time is 
guaranteed for all. 
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TESTING TESTING 


n our look at the theory and practice of using 
test gear, we have got as far as the moving iron 
meter which, as we said at the end of last 
month, is rather crude. It is much less linear 
than moving coil meters and remarkably 
insensitive. In order to improve measurement at low 
AC signal levels, the valve voltmeter was invented. 

The valve voltmeter is basically a moving coil 
meter preceded by a very linear amplifier and a 
compensated full wave rectifier. It was valve because 
that was the technology of its era, but an equivalent 
modern technology circuit is shown in Fig. 1. 

The first stage amplifier has a flat response over 
a wide bandwidth, a range of extremely precisely set 
gains and a very low noise coefficient. This feeds the 
second stage amplifier, which has unity gain but is an 
operational or differential amplifier fitted with a pair 
of back-to-back diodes in its feedback loop. The 
output of this active rectifier is buffered by a third unity- 
gain amplifier, feeding the meter movement. This is 
shown in voltmeter configuration but there is no 
reason why alternative modes of operation could not 
work as well. 

OK [ hear you ask, why so complex — why not 
just use an amplifier and a bridge rectifier brick? The 
answer lies in the diode forward threshold voltage. 
There is with any diode, just like with the LED we 
discussed last month, a minimum voltage which will 
cause it to conduct in the forward direction. If the 
output of a (theoretically) perfect full-wave rectifier is 
plotted it will look appear as Fig. 2. Our real compo- 
nent, however, fails to conduct if the input voltage lies 
between say, —0.5V and +0.5V, so its output will 
look like Fig. 3. When you come to smooth (integrate) 
this waveform, with a capacitor for example, the 
resulting charge on the capacitor will be a bit less than 
it should be (if the rectifier was perfect). This becomes 
obvious when you consider that you are in fact 
assessing the area under the curve. 

What the op-amp does is almost eliminate the 
loss of area under the curve. Consider the sequence 
of operation: while the input voltage is above the 
diode forward threshold Vt, the relevant diode 
{depending on the input polarity) is in conduction and 
the op-amp/diode brick acts just like a conventional 
rectifier, as the op-amp has unity gain. However, 
when the input voltage is below the diode Vt, the 
diode stops conducting. There is now no negative 
feedback round the op-amp, so its gain suddenly goes 
from unity to infinite. Infinite gain means that for no 
change at the input, the output swings hard to rail (of 
course our gain is not actually infinite; we need some 
change at the input but very little). Now, the output 
of the op-amp Is rapidly moving towards say +15V, 
but the output is fed back via the diodes to the input, 
sO as soon as it reaches Vt... Well, blow me down! The 
diode is conducting again! 

What we have effectively done is to smarten up 
the transition from -V to +V. There is a little 
waveform distortion by virtue of an increased gradient 
over this region (Fig.4). Although it is common mode 
to both half waves, affecting both in the same manner 
{it adds a bit of area to both) and therefore represents 
an irreducible error, the result is much more precise 
that obtained by the passive rectifier. This is 
increasingly true as the AC swing approaches 2Vt. 
Below an AC swing of 2Vt, the passive rectifier will 
not work at all whereas, with suitably low-noise 
diodes, the active rectifier can deliver excellent results 
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at AC RMS in the region of 1-10mV. 

It is important when choosing or designing a 
suitable op-amp for an active rectifier like this to go 
for a high open loop gain and a very fast settling time 
(the time taken for the output to stabilise at unity gain 
after an infinitely fast 10V step at the input, and a 
measure of the square wave distortion of the 
amplifier). 

You should, however, try to avoid a high slew 
rate. This is the rate at which the output is capable of 
changing, but is measured according to rather dif- 
ferent criteria and is normally expressed in V/micro- 
sec. Commercially available op-amps vary in slew rate 
from about 2V/microsec to 16000V/microsec. It is a 
common mistake to consider that settling time and 
slew rate vary in proportion, to yield a ‘fast’ op-amp 
or a slow one. For example, two Harris ‘high-speed’ 
op-amps, each excellent for their own applications, 
are the HA-2539 (slew rate 600V/jsec. settling time 
200ns) and HA-2541 (slew rate 300V/jsec. settling 
time 80ns). Both have an open loop gain in ene 
of 25000 but the 2539 requires a gain of 10 or grea x 
for stable operation, whereas the 2541 is happy at 
unity gain. I think it is obvious which of the two is more 
suited to the active rectifier (yes that’s right, the 2541). 

With these quite modestly priced components, 
I have performed active rectification at up to 5MHz, 
with a resolution of about 1% down to a few mV. 

The problem which results from a high slew rate 
is overshoot. You should remember that the diode in 
our active rectifier does not turn on instantly. There 
is a brief period (dictated by such factors as junction 
capacitance and measured in nanoseconds) between 
the application of Vt and the diode starting to conduct. 
During this period, the op-amp is still working at open 
loop gain so its output is still shooting towards the 
relevant rall. By the time the loop is closed by diode 
conduction, the op-amp output voltage is in excess 
of Vt in proportion to the slew rate divided by the 
diode turn-on time. 

This results in an output waveform similar to 
Fig.5. The spurious bump adds area under the curve, 
thus distorting your results. You will never totally 
eliminate this effect and it is the limiting factor on the 
operating frequency of an active rectifier. When the 
diode turn-on time ty (Fig.5) becomes significant 
compared with the half-period of the AC you are 
rectifying, the size of the bump begins to matter. The 
rectifier will totally fail when the signal half-period 
equals 2t; (on the assumption that the diode turns 
off at about the same speed). Suitable choice of fast 
diode and low slew-rate plus fast settling op-amp 
minimise the introduced error. 


Fig. 1 Valve voltmeter equivalent circuit 
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g. 2 Output of a perfect full-wave rectifier 


Fig. 4 Improved performance with smoother 
transition points 
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Fig. 5 Output problems with high slew rate 
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Returning briefly to Fig.1, the mechanism of the 
full wave rectifier is worthy of description. In addition 
to the two diodes in the active rectifier feedback loop, 
resistors are needed in practice to isolate the outputs 
from the inverting input. This circuit is really a phase 
splitter. It has two outputs, one passing positive going 
half-cycles and the other the negative ones. Each of 
these outputs corresponds to that of a half-wave 
rectifier and the two are combined by the buffer op- 
amp (acting as a summing amplifier) to provide a full 
wave rectified result. If you follow the circuit through, 
you will see that positive going half-cycles are applied 
to the buffer amp in non-inverting mode, and negative 
half-cycles in inverting mode. Inverted negative equals 
positive, so problem solved! The buffer amp input not 
used on any half-cycle is connected to the virtual earth 
at the rectifier amp inverting input via the relevant 
feedback resistor. 


The Digital Alternative 


Digital meters (to date) all work on the same principle 
— an analogue to digital converter drives a digital 
display. The crucial difference between digital and 
analogue meters is that the A to D measures voltage 
whereas the analogue (electromagnetic) meter 
measures current. It is possible to achieve input 
resistances in excess of 20M using modern MOS 
components, so the question of loadings on systems 
under test really does not arise (unless you are testing 


- MOS circuits!). 


The A to D is normally preceded by a network 
of passive (and sometimes active) components to 


allow range and function switching. : 
Until now, the normal choice of A to D converter 
has been the dual slope A to D. These are capable of * 


extremely high resolution but are very slow. The -! 


device works in two operational phases. First a» 
precision capacitor is charged by the incoming voltage. © 
Secondly the capacitor is discharged at a constant ” 


current, while a counter runs. When the charge on “) 


the capacitor reaches a critical voltage, the counter is 


stopped and the counter output represents the input 1 : 
voltage. It is possible to resolve to five decimal digits 
(1 part in 10° or 0.001%) but it does take its time: | F: 


three readings per second is about average. 

It will be interesting to see what happens now that" 
high resolution flash A to D converters are appearing: 
the update rate problem may become a thing of the |; 
past. 


Analogue vs Digital 


Let us now put the analogue (moving coil) meter in 
the ring against digital (A to D) meter. (Ten rounds or — 
a knockout). What.are the pros and cons of eachin | 
use. 

Age before beauty so let's look at the analogue 
first. The most important point about these (including 
the valve voltmeter) is that they read continuously. | 
Given a good quality meter movement, an analogue 
meter will indicate transient events and will also be 
much quicker to use in the hands of an experienced # 
engineer. The human brain finds it easier to quickly | 
absorb spatial information (needle about halfway 
across the scale) than to absorb numeric information, 
which needs mental processing by the logical/sequen- 


‘tial hemisphere before it means much. 


The reading resolution will suffer (most analogue 
meter movements resolve to about +1%) but there 
are many occasions where any more resolution than 
this is either superfluous or spurious: due to the 
reliability of the equipment under test. A good TV or 
radio engineer can probe about your duff gear with 
an AVO8 or similar at high speed and come up with 


a fault diagnosis quicker than you could connect up ‘ff 


a digital testbed, just by watching the needle and 
knowing what to expect. 

That is the crux of the matter. If you are 
examining the totally unknown, the analogue meter 
may well not have the resolution to provide valid 
answers, especially in modern research, where the 
activities of Thursday Afternoon Particles are pretty 
imperceptible anyway. 

The other area in which the basic analogue meter 


can let you down is when you are looking at high } 


impedance circuits. 20ke (50uA) seems fine until 
you examine CMOS which draws less than 1p at.its 
inputs. It should also be considered that the meter 
exhibits a small inductance (there is a coil in it!) and 
the effect of this on the circuit under test should be 
taken into account. The basic analogue meter is thus 
best at examining conditions which are expected to 
change relatively slowly or are expected to be stable. 
It is excellent at demonstrating when such signals are 
not as expected. 

Now for the digital meters. Theoretically there is 


no limit to the resolution of the dual slope Ato D used. 
in a DVM. In practice, few DVMs read beyond 61/2 © 


digits — it is likely that more resolution would exceed 
the accuracy of the best gear you could build. So, full 
marks for detailed results. . 

However, a rate of three to five readings per 
second almost guarantees to miss important short» 
events so that instead of just the AVO 8, you now need 
a DVM and an oscilloscope for even basic testing. 
Input impedances are generally in the region of 20M, 
so for normal work loading of the circuit under test 
can be ignored. You will still have to take precautions 
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you take measurements around small signal FETs and 
CMOS. 


DVMs, AC And Other Features 


It should be considered when using the average DVM 
(say up to £300 and 31/2 digits) that the AC ranges 
are normally calibrated for frequencies up to about 
1kHz and errors will begin to creep in beyond this limit 
as the active rectifier will be running out of bandwidth. 
Itis possible to obtain demodulator probes for DVMs, 
which allow working from about 1kHz to beyond 
1MHz but their accuracy is much lower than the meter 
could deliver within its working range. 

It also becomes important to consider the effects 
of probe capacitance when taking measurements at 
high frequencies. If you apply any probe to a tuned 
circuit (Fig.6), you effectively add a capacitor to 
ground. This will tend to lower the resonant frequency 
of the circuit under test in proportion to the 
significance of the probe capacitance. Thus if the 
probe has a capacitance of 20pF, the tuned circuit 
capacitor must be 20nF or greater to meet our non- 
invasion criterion of 10% (see last month). Tuned 
circuits with smaller capacitance will be proportionally 
lowered in operating frequency which, for a given 
amplitude, will transfer less energy. So once again a 
high measured voltage will be lower than actual, even 
when using a high impedance probe (so as not to 
drain power from the circuit). It is not possible to 
eliminate this phenomenon but it can be compensated 
— [ will show you how later on. _ 

Many modern DVMs come with special extra 
features. These include high current ranges (up to 
10A), capacitance-measuring ranges and diode and 
transistor test functions. A quick look at the technical 
specification (with the help of a Japanese dictionary) 
will normally show that these features come nowhere 
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near the basic ranges in terms of accuracy or precision 
even though their resolution is the same. They are 
useful extras for quick checking of components but 
in no way replace the specialist instruments for 
selection purposes. Their main use is in fault finding 
and repair work but they cannot be relied on when 
you are designing things like amplifier output stages 
and want supermatched transistors, or where you are 
selecting any other components to tight tolerance. 
Unfortunately, the specialist gear capable of this kind 
of testing costs a fortune. 

To sum up then, voltage probes with little lights 
and multimeters all have their main application in 
testing static or slowly changing conditions. With due 
regard for meter input characteristics, very high 
resolution may be obtained under static signal 
conditions using digital meters (DVMs), but analogue 
meters are much better at indicating transients (in 
skilled hands) and are quicker to read. They do, 
however, suffer from generally worse input charac- 
teristics and lower resolution. 

A major advance in analogue meters is the 
amplifier meter valve voltmeter, which renders the 
input characteristics similar to those of the DVM and 
can improve resolution and range by a couple of 
orders. In most cases, the meter probes (test prods, 
bits of wire) do not contribute significantly to artefact 
when using meters. If they do, the meter is probably 
the wrong tool for the job. However, as with all other 
gear to be discussed, you must ensure that the meter 
applies an insignificant load to the circuit under test. 
If something changes {say an oscillator stops) when 
you apply the test prods, think again. Maybe you need 
some other gear, such as an oscilloscope. 

If so, you had better place your order for next 
month's ET] and the third installment of this test gear 
series. 
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favourite target for any snooper, whether 
‘official!’ (police, government agencies 
and so on) or freelance, is the telephone. 
Not only is ita concentrated channel of 
information, with a high gen-to-chat 
ratio, but it also avoids many of the problems 
associated with room bugs. One of the golden rules 
for using any kind of bugging device is to get the 
microphone as close as possible to the mouth of the 
buggee. Some commercial devices may claim to pick 
up a whisper at twenty feet. Who knows, in a 
soundproof room with a very loud whisper they might 
just make it. Whether you can actually make out what 
the whisperer is saying is another matter altogether. 
With a telephone, the information provider is 
thoughtful enough to speak directly into the micro- 
phone. What could be better? 

Then there's the matter of planting the bug. 
Everything is made easy here too. All you need is 
access to the wires somewhere between the phone 
and the exchange. Ah! There they are strung between 
building and pole in the street outside. How handy. 
Most of the time the snooper won't even need access 
to the premises. 

Now for the equipment. Because of the highly 
sophisticated nature of the modern telephone 
network, the installation of the a tap is a very tricky 
business indeed. It will take a capacitor, a pair of high 
impedance headphones, anything up to two crocodile 
clips and at least twelve seconds of concentrated 
effort. If you can’t work it out for yourself. Fig.1 shows 
how it's done. If you connect up while the telephone 
is in use it will cause no end of pops and clicks. You 
may hear something like this: 

— This line's very noisy. Do you think someone’s 
tapping the phone? 

— Don't be silly. Modern phone taps are undetectable. 
Its when the line’s quiet you want to start worrying! 
Both laugh. Then exit, pursued by bear. 

It can be a little inconvenient, not to say 
uncomfortable, to sit up a telegraph pole for hours on 
end. Not that easy to explain either. (It's... um .. a 
sponsored pole-perch for charity, officer. The head- 
phones? Um... on-pole entertainment system...) 

One alternative to hanging around waiting for the 
phone to ring is to connect up a tape recorder. Now 
we come to the really sophisticated electronics: since 
it's wasteful of tape to run the recorder continuously, 
it's useful to switch it on only when the phone is being 
used, Voice operated switches? Why bother. A relay 
will do the trick (Fig.1b). On the subject of tape 
recorders, most suppliers of surveillance equipment 
will stock ones that run at half ora quarter ‘of the 
normal speed to cram several hours of recording into 
a standard cassette tape. The results won't be hi-fi, but 
perfectly good for intelligible voice recordings. 

The next step up is to use some kind of radio bug. 
In the days not so long ago when BT's standard issue 
telephone was that wedge-of-cheese shaped affair 
with a dial on the front, a favourite bugging device 
used to be the ‘drop-in’ mike. The handset micro- 
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Fig. 1{a) Less than complicated telephone 
tapping apparatus 
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(b) adding a relay saves wasting tape 


phone was a carbon granule device, quite bulky but 
easy to remove: unscrew the mouthpiece, slip off a 
pair wires from their terminals and it’s out. The crafty 
buggers found a much better use for all that space than 
filling it with carbon granules. Buying microphones 
from the very same people who supplied BT, they 
would empty out the granules, put in a much smaller 
mike and a small radio transmitter, then seal the whole 
thing back together again. 

Installing the bug couldn't have been easier: pop 
out the telephone mike, put in the doctored one and 
screw the mouthpiece back on. Thirty seconds if you 
take your time about it. The telephone would work 
as normal and quite a thorough inspection by 
someone whod never heard of ‘drop-in’ would show 
nothing at all wrong. Of course, everyone in the trade 
knew about them — it's estimated that the numbers 
made around the world ran into millions, so they were 
not uncommon! Still used for bugging public 
telephones, but not much good for the wide variety 
of office and home phones now in use. 

Also very common and readily available are a 
variety of bugs which connect either in series with one 
telephone wire, or in parallel across the two. The series 
bug has the advantage of only transmitting when the 
telephone is used; the parallel one transmits continu- 
ously in its crudest form (and most commercial bugs 
are pretty crude) but can be a little more difficult to 
detect by simple voltage measurements. Let's face it, 
it would be a trivial matter to design a bug that is both 
triggered by use of the phone and virtually impossible 
to detect by voltage measurements, but since almost 
nobody takes seriously the idea that they may be a 
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as a modulation of the bug’s power supply, so arrange 
the input accordingly. 

The most exotic of the commonly used listening 
devices is the ‘infinity transmitter’ so called because 
once the bug is installed, the victim can be snooped 
on from anywhere in the world. Anywhere his phone 
can be reached by direct dialling, that is. That is what 
you do: dial up the victim's number and hold your little 
back mystery box close to the mouthpiece. In the 
simplest versions, the mystery box just sends a tone 
down the line which is picked up by a frequency 
selective circuit inside the bug. The mystery box 
activates the infinity transmitter, which you previously 
attached to the victim’s phone. Once activated, the 
transmitter prevents the phone from ringing, and 
instead sends down the line any sounds picked up by 
the victim's telephone, or by the bug's own internal 
microphone. 

This is how it works. On receiving the activating 
tone, the transmitter passes enough current between 
the two lines to fool BT's equipment into thinking that 
the phone has been answered, so the ringing tone is 
cancelled and the line is opened. Once connection 
is made, all the bug has to do is to modulate the line 
voltage in just the way the telephone itself would. Not 
very difficult. The victim is entirely unaware of 


| anything happening and, with a hookswitch defeat 


installed, it could be his own telephone acting as a 
microphone for the transmitter. The bug will 


| automatically cut out if the handset of the victim's 


phone is lifted, allowing it to be used normally. 


suitable target (do you think you are, for instance?) 
and therefore won't be checking, why bother with 
anything complicated? 

Figure 2 shows an example of a series bug and 
a parallel one. | don't vouch for either of these circuits 
— they are lifted from an American pseudo-under- 
ground publication from the same bunch who 
produced the infamous and very nasty Anarchist 
Cookbook. With the aid of a bridge rectifier, resistor 
and choke, any of last month's bug circuits can be 
converted for series operation — the signal appears 


Figure 3 shows an example of an_ infinity 
transmitter circuit. Once again, it's a ‘borrowed’ design, 
and doesn't look entirely kosher as it stands. To be 
brutal about it, it's a bodge-it-and-see design, and 
reeks of self-taught experimenter. But then you can 
pay serious money for commercial circuits that aren't 
a lot better. Make of it what you will: it at least 
demonstrates the principle. 

A quick run through the circuit. The transformer 
picks the activating tone from the telephone line. Q1 
and Q2 amplify it from whence it pops into a tuned 
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circuit L1/C1 which makes sure the proper tone is 
selected. C2 charges up through D1 when the tone 
is around, causing Q3 to yank downwards on the base 
of Q4, thereby allowing Q5 to conduct and hold on 
by way of R1. This keeps the base of Q4 low. 

The zener unlatches Q4,5 if the line voltage 
should drop on account of the phone being used by 
the victim. Q6 onwards amplifies up the signal from 
the mike, applying it eventually to Q9 which varies 
the current drawn between the phone lines, modu- 
lating it in much the same way as a carbon mike 

| would, 

The purpose of the Q4, 5 latch is, in a round 
about way, to shut off Q9. When the bug is inactive, 
Q5 will not be conducting and extra current will 
be supplied to the base of Q7 via R2, R3 and D2. 
This should cause Q7 to pull down on the base of 
Q8, hopefully enough to cut out the current through 
Q9, and thus most of the loading on the telephone 
line. When the latch is activated, Q5 conducts and 
sinks all the current that R3 and D2 were diverting to 
Q7, D2 prevents it from sinking Q7’s normal bias 
current (derived from the emitter of Q9) into the 
bargain. 

Much simpler than the infinity transmitter, and 
used in much the same way, is the hookswitch defeat. 
When you ‘hang up’ the telephone, a switch discon- 
nects the handset ... unless, that is, somebody has 
doctored the phone. The simplest method is just to 
wire a resistor across the switch. In use you phone the 
victim, apologise for having called up the wrong 
number, let him hang up but keep your own phone 
off the hook to hold open the connection. Then you 
| listen in, The sound level won't be very high, so you 
may need an amplifier. 

The difficulty with a plain hookswitch is that you 
need access to the telephone itself and enough time 


to dismantle it. There's also the possibility that an 
innocent caller may be slow to hang up and find 
himself accidentally eavesdropping. A bit of a 
giveaway. Hookswitch defeats are easy to spot by 
anyone familiar with the insides of a telephone, but 
can often be overlooked in inspection by a suspicious 
buggee since, unlike infinity transmitters and the like. 
it could easily be part of the workings of the phone. 

Take the idea of ‘ooking as if it belongs’ to its 
conclusion and you have the ‘lost’ transmitter. What 
you do is to find a large-ish component in the 
telephone (or typewriter, calculator, or whatever) 
which itself uses any signals you need access to. You 
then rush home to your garden shed and knock up 
a device which not only does what this component 
does, but contains a transmitter too. You package it 
to look exactly like the component youre replacing. 
Then you pop back one night and swap the two 
around, Anyone inspecting the phone or whatever 
will find it contains exactly the components it should 
— no more and no less. The transmitter is really and 
truly lost. 

This really is big league stuff — the kind of trick 
employees of rival governments like to play on each 
other. Not the kind of thing you will personally come 
across unless you have access to very valuable infor- 
mation indeed. There's an American company called 
Fox which could be persuaded to come up with the 
goodies if you approach them in the right way and 
have the funds. They're in the phone book. 

That's all I'm going to say about telephone 
tapping, until we come on to the subject of de-lousing 
your own house, car, office and phone. Do bear in 
mind that BT are very touchy about having alien 
equipment connected to their lines. even if it's just a 
capacitor and headphones. And stay away from my 
phone, if you don't mind. 
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Fig. 1 Circuit diagram of DRAM Interface 
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ynamic RAMs are about one quarter 

the cost of static RAMs. They are also 

some of the most difficult common [Cs 

to interface. The datasheets assume 

that you already know how to use the 
devices and all you need is timing information. With 
me that was certainly not the case and so I devised 
an experiment to try to find the answer. The circuit 
to be described here provides a general purpose 
interface for the devices. Firstly, it is worth looking 
DRAMs more closely. 

The problems fall into two categories. Firstly there 
is the problem of ensuring the devices are refreshed 
with sufficient frequency. This can be done simply by 
accessing them. It only becomes a problem when 
battery backup for memory is required because this 
would normally involve the system clock stopping and 
the processor not accessing the memory. For this 
reason, static RAM systems are normally used for 
battery backup. 

The second problem is much more serious. The 
dynamic devices use multiplexed addressing — 
otherwise a 50256 (256K) would need log 2262144 
= 18 address lines. This would make the devices large 
and so would increase the area of PCB required for 
memory. 

As itis, the devices use a multiplexed system with 
two lines, CAS and RAS (Column Address 
Strobe and Row Address Strobe) to tell the device 
which nine bits AO to A8 are referring to. If this did 
not make it complex enough, the order in which CAS 
and RAS go low affects the operation of the 
device. In fact RAS must go first. If CAS goes 
low first, the device will only be refreshed and no 
memory access will take place. A list of steps that must 
be followed for each access of the devices may make 
this clearer: 

i) First address word is placed on address bus. 

ii) RAS goes low. 

iii) Second word is placed on bus. 

iv) CAS goes low. 

v) CAS and RAS go high. 

vi) Valid data appears at the output, or write occurs 
if R/W is low. 


_ During the read or write cycle described above, 
R/W must be held at the correct potential for reading 
or writing as appropriate and the D,, line must show 
the data to be written into the device, unless you are 
reading. The whole cycle must take less than a certain 
time which is dependant on the device being used. 
It is frequently about 20us. Obviously no micro- 
processor will access memory this slowly, and so it 
only becomes a problem if you are providing a 
separate oscillator. 

If all this sounds very complex, it is not necessary 
to understand exactly how the devices work to make 
use of the circuit in Fig.1. As it stands, the circuit allows 
you to write into a DRAM using 16 DIP switches to 
control the address and two more to control D,, and 
R/W. 

The output appears at an LED during a read 
cycle. It is obviously quite pointless to build the circuit 
as it stands — it doesn't serve any purpose. It is quite 
easy to adapt and if you wanted to, it could provide 
a silicon disc for your home computer. 

The centre of the circuit is a counter which counts 
up to four in its two LSBs (Lowest Significant Bits). 
These are then used to drive the other parts of the 
circuit. There are four of these — CAS, RAS and 
the enable lines. The enable lines control two tristate 
buffers which are used to load the column and row 
addresses onto the bus at the correct time. In fact the 
buffers are bus exchangers and could be made to 
move data the other way (just in case anyone has a 
datasheet!), and are used as tristate buffers because 
they are 20p cheaper than the genuine article. A look 
at the truth table below for driving the circuit allows 
the appropriate logic to be placed between the counter 
and the RAM. 


Counter outputs RAS CAS Rowaddress Col address 
BitO Bit] enable enable 

0 l Selected Deselected 

0 1 Selected Deselected 

1 1 Deselected Selected 

] 0 Deselected Selected 
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It does not matter which enable line goes to row 
address or column address. This is because the device 
is symmetrical. Producing the enable outputs is simply 
a case of driving one from bit 1 and the other from 
bit 1 through an inverter. You will see that CAS is 
produced by NANDing the two bits together and RAS 
by NORing them. It is therefore now possible to 
produce a complete circuit for driving DRAMs. 

{ This circuit is complex (to say the least) and is just 
what you don't need when you are trying to get your 
latest creation to work. To attempt to fill the gap 
between dynamic and static, a new breed of devices 
has recently arrived on the scene — the pseudo-static 
RAM. These still need accessing frequently to refresh 
them, unless CS is held high and OE low, in which 
case they go into a standby state in which they do not 
need refreshing. They do not normally have multi- 
plexed addressing, so they can be used almost as static 
devices. 

The snag? Hardly anyone sells them. To order, 
most sales are to people who buy direct from the 
manufacturer, which would be alright as long as you 
wanted a few thousand ... 

There is now a 32K static RAM as well — the 
HM62256. This offers the equivalent of the BBC 
Micro's entire RAM on a single chip (the BBC B used 
16 16 K bit devices). Finally, to the right is a com- 
parison of the prices of the three types. These are 
prices quoted by Hitachi, and are subject to change 
on an almost daily basis. Single devices will be sold, 
but only to people with an account. 

They are also stocked by Farnell (tel: (0532) 
636311 account holders only) and Trilogic (Tel: 


(0274) 691115). 
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radio IC. Paul Chappell 
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Fig. 1 (a) The simplest AM receiver 
(c) A variety of tuned responses 
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(b) Amplitude modulation and demodulation 


or knocking together a cheap and cheerful 

pocket tranny, the ZN414 radio IC has 

long been a favourite with electronics 

enthusiasts. With little more than the IC, 

a ferrite rod aerial, a tuning cap and a 
resistor, you end up with a circuit which will pull in 
most of the MW broadcast stations and give enough 
power to drive a crystal earpiece without any further 
amplification at all. The ZN416, much the same as the 
ZN414 with the addition of an output buffer, will drive 
an earpiece with ease and might just about manage 
an 80K loudspeaker. 

With so much available for so little effort, I'm 
going to have to make a very good case indeed to 
convert you to the TEA5570. Although it's not an 
expensive IC (it actually costs a little less than the 
ZN416 from most suppliers), a look at the basic MW 
receiver circuit of Fig. la shows that it needs rather 
more external components. The reason is that the 
TEA5570 works on the superheterodyne (‘superhet’) 
principle, whereas the Ferranti [Cs are TRF (tuned 
radio frequency) circuits. So what difference does it 
make? Let me explain. 


TRF Versus Superhet 


A circuit which shows just how simple an AM receiver 
can be is shown in Fig. la. It's an up-to-date version 
of a crystal set. It contains all the essential ingredients 
of a TRF receiver except for amplification. The wave- 
forms of Fig. 1b show how the audio signal is allowed 
to hitch a ride on the RF carrier and how the circuit 
of Fig. 1a removes it at the other end of its journey. 
Apart from amplification, the only other addition you'll 
find in a ZN414 is a means of varying the amount of 
amplification so that it's cut back on strong signals and 
cranked up to maximum on weak signals. This is 
called AGC (automatic gain control). 

The limitation of a TRF circuit (amplification and 
AGC or no), is that it only has one tuned circuit, which 
makes it difficult to pick out individual stations on a 
crowded band. The worst situation of all is where 


you're trying to listen to a weak station and there's a 
powerful one broadcasting in the next slot along the 
band. The TRF receiver doesn’t stand a chance, 
whereas the superhet can usually give you the station 
you want. 

This needs a bit more explanation. Take a look 
at Fig. lc. The two vertical lines respresent the 
frequencies (on the horizontal scale) and amplitudes 
(vertical) of the RF carriers of two adjacent radio 
stations. On the same diagram are the frequency 
response curves of various tuned circuits you might 
build into your radio receiver. By varying the 
components and the damping of the circuit, you can 
have whichever of these curves you reckon will give 
the best results. The tuning can be as peaky or as 
broad as you like. Now, it seems that to separate the 
two adjacent transmissions all you have to do is to 
make the tuning as sharp as possible: you'd go for 
curve 3. Sad to say, this won't do at all. This is where 
things start to get complicated, so take a deep breath 
before going on. 

In Fig. 2a fm putting various tuned circuits to the 
test. All three look the same, but because of the 
components I've chosen for each circuit, the first gives 
the broad tuning of curve 1 in Fig. 1c, the second gives 
curve 2 and the third gives the sharp tuning of curve 
3. This is, let's say, because of the different wire 
resistances in the three coils. To help with the test, the 
BBC have kindly loaned one of their broadcast trans- 
mitters for the day. Nothing's too good for ETI! All! 
have to do is phone them and they'll broadcast 
anything I ask. There's a scope connected to each 
tuned circuit so we can see exactly what's going on. 

The first thing I ask for.is a constant amplitude 
carrier, All the tuned circuits, with their ferrite rod 
antennae, pick up the carrier OK. Next I ask that the 
carrier should be reduced in amplitude by a half. The 
tuned circuits will have to respond to amplitude 
variations in the carrier, so I check the scopes to make 
sure that all traces have fallen to half.their previous 
amplitude. They all have. When | ask for other 
amplitudes of carrier to be sent, all the tuned circuits 
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respond equally well: by the time I get back from the 
phone | find all traces are showing an amplitude in 
proportion to the increase or decrease of the carrier 
amplitude. 

Now for the full performance: | ask for the carrier 
to be modulated with a 5kHz sine wave. Since all the 
circuits appear to track amplitude variations of the 
carrier equally well, what | hope to see is all circuits 
reproducing the continuously modulated carrier 
equally well. What I actually see is shown in Fig. 2b: 
circuit one is showing a good reproduction of the 
modulated carrier, circuit two gives a reduction in 
depth of the modulation and the carrier from circuit 
three hardly seems to be modulated at all. 

So what's going on? The answer is that although 
all the circuits will respond to variations in carrier 
amplitude, the peakier the tuning, the slower the 
response, Circuit two is having difficulty in keeping 
up with the 5kHz modulations, circuit three has pretty 
well thrown in the towel. 

Intuitively, you can look at it like this: the better 
the tuned circuit, the more it likes to do its own thing. 
Give it a blip of voltage or current and it will continue 
to produce oscillations for some time afterwards. It's 
this tendency to go its own way that makes it slow to 
respond to amplitude variations when driven by a sine 
wave. The result is that the peakier you make the 
tuning of a TRF receiver (to improve the selectivity), 
the more you restrict the audio bandwidth of the 
receiver. Flatten off the tuning to improve the audio 
quality and you have the adjacent channel 
interference back again. 

So what's to be done about the situation? To sort 
that out, we need one more basic idea: the notion of 
sidebands. If you want to modulate a 1MHz carrier 
with a 1kHz sine wave, one way to do it is, in effect, 
to feed the 1MHz sine into a variable gain amplifier 
and to control the gain with the 1kHz signal. This is 
more or less what goes on inside an AM transmitter. 
But in theory there’s another way to do it: you add 
together three sine waves, one at 1MHz, one at 
1MHz+ 1kHz (1,001,000Hz), and one at IMHz — 
1kHz (999,000Hz). Now, although this is not a 
practical way to amplitude modulate a carrier, the fact 
remains that amplitude modulation by a sine wave is 
exactly the same as adding three sine waves. The two 
extra frequencies on either side of the carrier exist, no 
matter how the wave was modulated, and if the tuned 
circuit attenuates them then the amplitude variations 
from the tuned circuit will be cut down too. 

Extending this from a sine wave modulation to 
general audio frequency modulation and instead of 
a pair of extra side frequencies, you end up with extra 
signals extending away on either side of the carrier for 
the entire audio bandwidth. The extra frequency areas 
are known as sidebands and the receiver must pick 
up the whole range without attenuation if the audio 
signal is to be recovered properly. Figure 3 sums up 
the situation: it shows two adjacent stations each with 
carrier and sidebands. It also shows the proper tuning 
response of the receiver if you're going to end up with 
both good selectivity and good audio reproduction. 

Now all we need to do is to give the receiver a 
tuning response with a flat top and steep sides. Sad 
to say, with a single tuned circuit you can't get 
anywhere near it. If you have more than one tuned 
circuit to play with, there are several ways you can 
fiddle about with them to give an approximation to 
the tuning response of Fig. 3. One possibility is shown 
in Fig. 4: this is called stagger tuning. You take two 
or more tuned circuits (three in Fig. 4) and tune them 
to slightly different frequencies to give an overall 
response that is fairly flat at the top and steep at the 
sides. The more tuned circuits you use, the better the 
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results (but the more fiddly the setting up). Another 
possibility is to have two closely coupled tuned circuits 
tuned to the same frequency. At resonance one will 
tend to absorb energy from the other, which will also 
flatten the top of the tuning curve. 

There's no reason not to have more than one 
tuned circuit in a TRF receiver, but the more you have 
the more of a problem it is to make them all tune in 
unison over the entire band. Imagine trying to make 
six tuned circuits track over the entire medium wave 
band — you” need a well-made six-gang tuning 
capacitor, which would be pretty massive apart from 
anything else. Then there would almost certainly have 
to be a pair of trimmers for each tuned circuit to set 
the top and bottom of the tuning range — what a lot 
of setting up to do! There's no doubt that the problems 
could be overcome, but thankfully there's no need to 
try. The superheterodyne technique gives a simple 
solution. 


{b} 


Fig. 2 (a) Three circuits to be tested 
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Fig. 3 Good tuning response captures captures 
the sidebands and rejects adjacent stations 


5 4 6 
TEA 5570 
8 iW 16 12 


1 
NC 


cvib L1 = FERRITE ROD AERIAL 
L2 = TOKO RWR331208 (CIRKIT 36-12080) 
L3 = TOKO CFT455B (CIRKIT 16-45501) 


Fig. 5 High performance (in comparison with ZN414) MW receiver 
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audio amplifier and a speaker. 

Figure 5 shows an AM radio circuit using the 
TEA5570. L1 is wound on a ferrite rod — about 60 
turns close wound over the centre of the rod will do 
for the tuned part, with a four or five turn coil to couple 
into the IC. L2 is the oscillator coil and L3 is an 
assembly consisting of two IF transformers and a 
ceramic filter all in the same package, 

As shown the circuit will tune across the MW 
band. Adding LW is simply a matter of switching out 
the MW coil and switching in a LW one. At the same 
time as the LW coilis selected, an extra cap is switched 
in across L2 to reduce the frequency of the oscillator. 
Figure 6 shows how. 

The TEA5570 will also handle short wave 
reception up to 30MHz, a decided advantage over the 
2N414 and 416, both of which give up the struggle 
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Fig. 6 Adding a long wave option 


TEA 5570 


The way the superhet works is this. At the front 
end there's the normal tuned circuit to select the station 
you want to listen to. Tracking with this is an oscillator 
circuit. For an AM broadcast receiver, the oscillator is 
set to produce a frequency 455kHz above the selected 
station frequency: the station tuning and the oscillator 
frequency are controlled by a two gang tuning cap and 
the frequencies will always be 455kHz apart. 

The next stage is to mix the two signals together 
to produce sum and difference frequencies. The 
‘mixing’ is usually a fairly crude process: in discrete 
component radios it more often than not is just a 
matter of applying the received station signal to the 
base of the oscillator transistor. The sum and 
difference frequencies (and in practice a lot of other 
mush besides) are available at the transistor's collector. 

The point of doing this? What you end up with, 
after filtering out the unwanted sum of the two 
frequencies, isa 455kHz signal modulated in exactly 
the same way as the received radio signal. From the 
mixer onwards it's as if you've got a radio set eternally 
tuned to the same frequency: 455kHz, known as the 
intermediate frequency or IF. Because of this fixed 
tuning, you can put in as many filters and tuned 
circuits as you choose, tailor the response in any way 
you like. As it's all done at a single frequency, the 
setting up is as easy as anything. 

From the IF stage onwards, the radio circuit 
continues in much the same way as a TRF set: a 
detector (the equivalent of the diode in Fig. la), an 


at about 3MHz. For best results, use a separate 
oscillator coil for the SW bands, although if your main 


concern is economy you may be able to get away with 
switching a cap between the top end of CV1b and pin 
3 of L2. You won't reach the full 30MHz this way, 
though. 

Now for the FM. Like almost alllCs which claim 
to be FM receivers, this turns out to be a bit of a con. 
You can't just plonk a VHF tuned circuit and oscillator 
coil onto the IC and expect it to do the rest. In essence, 
all it will do for you is to handle the 10.7MHz FM 
intermediate frequency and switch between the AM 
and FM inputs and IF stages as required. You supply 
the FM front end (RF amp, oscillator and mixer, and 
AFC circuitry) as a discrete component circuit. Since 
the TEA5570 doesn't even give you an FM detector, 
my advice is to forget the FM side altogether! 

If you are absolutely determined to have FM too, 
the easy (though pricey) way to go about it is buy a 
ready built FM front end. The 10.7MHz output is then 
fed to pinl of the IC, as shown in Fig, 7. The 
remainder of the circuit is taken straight from the data 
sheet. L2 isthe 10.7MHz FM IF stage, L3 and L5 are 
the AM 455kHz IF stages, and the circuit from pin 10 
onwards is the FM detector. 

The coils, IFTs, ferrite rods and FM front end are 
all available from Cirkit, Park Lane, Broxbourne, 
Herts. Tel: (0992) 444111. The IC can be obtained 
from JPG Electronics, 276 Chatsworth Road, 
Chesterfield, S40 2BH. Tel: (0246) 211202. 


Gu 
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Go buy the board! 
Miss out the mess 
with ready-made 
pre-drilled PCBs for 
ETI projects 
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TODAY INTERNATIONAL 


E8405-4 Centronics Interface ...................2.c000000 F 
E8406-3 Audio Design RIAA Stage ....0....0.0000000.. G 
E8406-4 AD Buffer/Filter/Tone ..............0....0.065 H 
E8406-5 AD Headphone Amp ..................0002:e0e F 
E8406-6 AD Preamp PSU ................0.......02:002.-. K 
E8406-7 AD Power Amp ........c..cccccccccscseeeneeeee H 
E8406-8 AD Power Amp PSU ..............0..06:000000 J 
E8406-9 AD Stereo Power Meter ...................0.24.. F 
F8406-10 AD Input Clamp «2.0. .0..0.0 22 esaessaccerecen 
E8407-1 Warlock Alarm ............0c0ccccceseseseeeen ones M 
E8408-2 EPROM Emulator .....-.-.-..-.....-.-.2.2-0205 N 
ES4t0s1, Behe Uintt -.:.5.00-8:sar aps ensue wis age'ee eae ap ni 36 F 
E8410-2 Digital Cassette Deck ..................cccece ee N 
E8410-3 Disco Party Strobe .............0ccceceseu ses eeees H 
E8411-5 Video Vandal (3 boards) ....................... N 
E8411-9 Stage Lighting Interface ...............0..00006. F 
E8412-1 Spectrum Centronics Interface ................ F 
E8412-4 Active-8 Protection Unit ...............-.--...-. F 
E8412-5 Active-8 Crossover ......0.0.0..ccc cece cece 
EB412-6 Actlve-B LE EO). aoc cices eee nev eas cow ne nen sinvies 
E8412-7 Active-8 Equaliser ................--.-...2.2.-625. 
E8501-3 Digital Delay (2 bds) 

E8502-1 Digital Delay Expander ...............:6:00000es N 
ESS02-2 Data Legge ics ins veand sunk as dives nena de ncers J 
E8503-1 Combo Pre-amplifier ...........................- F 
E8503-2 THD Meter mV & oscillator boards (2 bds) . K 
E8503-3 THD Meter Mains PSU ...................000065 FP 
E8504-1 Framestore Memory ............::0:cceseeer eee M 
E8504-3 Framestore Control .............-....-.2...------ N 
Be S0G eh. iG MOtGE es ocsc gis diana canad vas asain donng ind na E 
ES504:5 GED Delay sis ecssas me anesnegsiay never canecerse F 
E8505:5 Stereo: Simulator 21.2. 0006. cosccece cess vossuees oa F 
E8506-1 Audio Mixer Main .........0.0.0cccceceee eres eee J 
ESS06:2 Audio Mixer PSW «iss caseiorsis sen yectasaece teens F 
E8506-3 Audio Mixer RIAA |.................-.0....02245 D 
E8506-4 Audio Mixer Tone Control .................6.65 D 
E8506-5. EPROM Prog MKII 

ESS0721: Noise Gate: «crc isaresicen oars moexccarenant mamsodenl 
E8508-1 RCL Bridge ...............0... iestsapas wae uaieee N 
E8508-2 EX42/BBC Interface ...............cccece rece E 
E8508-3 EPROM Emulator .................2...2.4 ere L 
E8509-1 Spectrum EPROM Card ...00.....0.0.ceee F 
E8509-2 Direct Injection Box .............:esccesesesenees E 
E8510-9 Sunrise Light Brightener ...,....... ete i oaks K 
E8511-1 MTE Waveform Generator .................... H 
ES511.2. Millifaradometer’ ic isssi aus wang wes ecens anne taney H 
ES511-3 Cymbal Synth cs sisicsics cn aiens sucin nay avenecannee J 
EBS11-5, Chotos SRG so. ciieuzycvas sassevay sean cance van H 
E8511-7 Enlarger Exposure Meter .................0000058 F 
E8511-9 Second Line of Defence ................0...... M 
E8512-1 Specdrum Connector ......0....0..0...cccce es F 
E8512-2 MTE Pulse Generator ...................:00006 H 
ES61 205. Specdruttvee ni srass esas son ck esu ards nin seach tenes’ s L 
ESGOU=2  Weallrrtate: cc asics vas seons noes tow anne ronine wad sae L 
E8601-3 MTE Counter-timer ...0.0.0....00..cceeee M 
BAGO 2D Dig I RO csiasic vrecattnats sated wei Titre rir wads goeen Bes Oo 
E8603-2 Programmable Logic Evaluation Board ..... H 
E8603-3 Sound Sampler Analogue Board ............. R 
BSG60427 JILL PAPSU) ois ves sites tints vaciewes scene tn bs H 
E8604-2 Matchbox Amplifier .............000...0. ee Cc 
E8604-3 Matchbox Amp Bridging Version ............. c 
E8604-4 MTE Analogue/Digital Probe ................. M 
E8605-1 Microlight Intercom ....-.......0.....:0:002 aE 


E8605-2 
E8605-3 
E8605-4 
E8606-1 
E8606-2 
E8606-3 
E8606-4 
E8606-5 
E8607-2 
E8607-3 
E8608-1 
E8608-2 
E8609-1 
E8609-2 
E8609-3 
E8609-4 
E8610-1 

E8610-2 
E8610-3 
E8610-4 
E8611-1 

E8611-2 

E8611-3 

E8611-4 

E8611-5 

E8612-1 

E8612-2 
E8701-1 

E8701-2 
E8701-3 
E8701-4 
E8701-5 
E8701-6 
78702-1 

£8702-2 
8702-3 
E8702-4 
E8702-5 
E8703-1 

E8703-2 
E8703-3 
E8704-1 

E8704-2 
E8705-3 
E8705-4 
E8705-5 
E8706-1 

E8706-2 
E8706-3 
E8706-4 
E8707-1 

E8707-2 
E8708-1 

E8708-3 
E8708-4 
E8708-5 
E8709-1 

E8709-2 
E8709-3 
E8709-4 
E8710-1 

E8710-2 
E8710-3 


Baud Rate Converter .2....0.0...0....cccceee eee M 
Baud Rate Converter PSU Board ............ Cc 
Portable PA .2.0.......ccccecccsescsesecesescr sense H 
MIDI-CV Converter Board ..............0..00. H 
MIDI-CV Converter PSU ...........0..00...... D 
Troglograph 22.0... ecec ses seveseueveere F 

SO Recelver ansrasoconsntn ee ete aes H 
SOU Sere avast sane we eancees sve tatoine 4 R 
Upgradeable Amp, MC stage (Stereo) ...... G 

BBC. Motor Controller: esiavsisinasc evisis gerne F 
Digital Panel Meter .........0...000.5.0000cces G 
Upgradeable Amp, MM stage (mono) ......, H 
Mains Conditioner ....0.....0....ccccccececueeves E 
Experimental Pre-amp .....-.-.....0..0c00ccs00e F 
Upgradeable Amp, Tone Board (mono) .... H 
Upgradeable Amp, Output Board (mono) ,. F 
Audio Analyser Filter Board .............000... L 
Audio Analyser Display Driver ................, K 
Audio Analyser Display ......................., H 
Audio Analyser Power Supply ............00.. F 
Audio Switcher (2 bds) ........,. emibeeiy esate H 

PLL Frequency Meter (4 bds) .................Q 
Upgradeable Amp PSU .................. mates J 

Call Meter, Main Board ................00.0008 0 

Call Meter, Interface Board .................... N 
Biarigtss BSN. 5. aca cei se narrate aairaaain Seona ng. ta J 
Biofeedback Monitor (Free PCB) ............. /E 

RGB Converter .......00..6060cccceseeaeevereves F ; 
Mains Controller ................60...5 2 jastiatec D : 
PRG OY: vecgcedes vai eaian sens hits ar elamnioe NG Bee NG H £ 
Audio Selector Main Board ....,. sauce noma M 3 
Audio Selector PSU oo...cccccecnener ees H 4 
T&cho- Dwell. cscs cect -cecs onesie eu canny new onsets F i 
Ratemeter Main Board ...............0000...006 K i 
Ratemeter Ranging Board .................,.,., F 
Photo Process Controller (3 bds) ............. oO 
LEDline Display Board (2 off) ................. K 
LEDline PSU and Controller (2 bds) ........ G 
Capacitometer ....-0.......cecccececesessvseuesees F 5 
Geiger Counter 2.200.006.0000 06.occceeeceseeerenes L } 
Chaditi Cand! Cag Gs 5s tas iateas shir sts ge ata E i 
BBC Micro MIDI Interface ..................064 L : 
ETiFaker Patch Box .2.......00,..002.00ccceve ves H t 
MIDI Keyboard Keyswitch Boards (3 bds) .. W 
BRST, ci g5y ceear. on Senseo cance seven ev deen oases c 
Budget Power Meter ..02..0.00 oo. cccececeseu es E 

Fifi Power Meter 2 sca sacs icy vs dapeetaa nan diravane N 

MIDI Keyboard CPU 0... eccetecereee ee U 

MIDI Keyboard Front Pane! ................... oO 
FIA: SM GStO0 «owe cise ni as sew teocned arate t G 

MIDI Keyboard PSU .............0..cc0eeeeceeee H Y 
Telephone Alarm 2......0......ccccceccee seven ees J i 
Ginette) caeais coc coann idnta coins han teugs epee ome F 
BSE CARTIER, ccc ateve cash en Gates any sli wa F 

OTe 1-1 0:04 eae en F : 
night Raider: crack cian debs wan some aap ge opi enenes J } 
Boiler Controller .........0..cccececetesesessnsees Gt 
Amstrad Sampler (2 bds) -...-...0.......00000. P t 
Portable: PA. «sat cats tenty ccuis ian Shida tabie ape nye G J 
EEG Monitor (2 bds) ........00..cccccececseeeees ie i 
Concept CPU Board ..0.....-.c:ccsceeseee eres N 
Concept Power Board ..........0..0.:cc cscs K 
Concept Display Board .............0...0:.00.. G 
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Bev l0-4 (HypeteFugz ‘esc iclass sins seve en ansesantm chenweab i F 8903-4 Digitally Tuned Radio .........2..........000.00 G 

E8711-1 Quiz Controller 0.000000... eee sev eee E 8904-1 Camera Trigger ........000..00.00002020222 cece E 

E8711-2 256K Printer Buffer ..........0...0...00...,....- N —_E8904-3 Intelligent Plotter Main Board ..,.............. oO 

EG 21222! SW Meter’ cscs ves 9 aes creas sex arent anaes ma cans: H  E8904-4 Kinetotie Tie Board ....00000... cece N 

E8712-3 Dream Machine (free PCB) ................... D E8904-5 Kinetotie Control Board .....2-.0.-...0..c..00. E 

E8801-2 Passive IR Alarm ..............00600000ecsceeeeee FL = ES905-L Guitar Tuner cc. ciesisicy os secoveteaanicveycenen os H 

E8801-3 Deluxe Mains Conditioner ..................... G E8905-2 Camera Trigger Ultrasonics (2 boards) ....... F 

E8801-4 RGB Dissolve .....00..000.. 20... ccc ese eveev ee L _E8905-3 Bench Power Supply (2 boards) .............. H 

E8802-1 Electric Fencer .............00600c00ccesceeceee eee E  E8906-1 PC edge connector .............0000.0.0e00eceees F 

E8802-2 Telephone Intercom .............0..cc.0cc0ees ese i E8906-2 MIDI converter CPU ........000..0..00.... melt ne N 

E8802-3 Transistor Tester (2 bds) ........-.........0.0.008 L E8906-3 MIDI converter keyboard .......00000....cc00, N 

E8802-4 Spectrum Co-processor CPU ............,..., N _ E8906-4 MIDI converter control ............... M 

E8803-1 Co-processor RAM board ...........0.....0000 N E8906-5 AF signal generator ................. G 

E8803-2 Beeb-Scope (3 bds) ..........0..cceceseserereres O 8906-6 Mini bleeper..........-..........., Cc 

E8804-1 Spectrum Co-processor Interface Board ....N | E8906-7 Caravan heater controller .....,......, G 

ESS804-2° Combo=Locke sesssie iaeae sas vane jaene vay ceca. wedan E  £8907-1 MIDI Patch Bay .....0.........cccccecsceeseeeeeee G 

ES804-3 Ritshient TMP sc, sicncncwcetcs comasciavise soavsieas E —_ E8907-2 Priority Quiz Switch ..0..000 cc ecececseceee E 

E8805-1 Virtuoso 2U PSU ooo... cece cecenevere ees M _— E8907-3 Camera Trigger Infra-reds (2 boards) ........ G 

E8805-2 Virtuoso 3U PSU 0.0.0.0... ee sees N  E8907-4 Aerial Amplifier main board ................... E 

E8805-3 Bicycle Speedometer ........0.......00000000005 F  E8907-5 Aerial Amplifier power supply ............ ees > 

E8805-4 Dynamic Noise Reduction ................00002 E —_ E8908-1 Intercom master station -......0......c0cece. ee L TELEPHONE 

E8806-1 Universal Digital Pane! Meter .................. L  E8908-2 Intercom slave station ............0..-.cce cece F ORDERS 

E8806-2 Universal Bar Graph Panel Meter ..........., K —_E8908-3 Intercom power mixer .........0.....0000002.-00- E 

E8806-3 Virtuoso Power Amp Board ................... N —_E8908-4 Digital joystick-to-mouse conversion ......... H may be made on 

E8806-4 Virtuoso AOT Board ..... eolisaesanary eee G — E8909-1 Twin Loop Metal Locator ..............000cc00.: H ( ) 

E8806-5 Metal Detector -.........0..c:cccccecessssseeeeceee E  £8909-2 Trembler movement detector ..............., de DD 0442 

E8806-6 Bicycle Dynamo Backup ...............060.0085 D _E8909-3 Field power supply (spec 3) ................ aren Re 6 655 1 

E8807-1 Bar Code Lock (2 bds) ..............ecccese eee N  E8909-4 Micro monitors active filter ......0.00..0.00.2.-. F 

E8807-2 Analogue Computer Power Board ........... L  _E8909-5 Chronoscope auto-reset ...000.....0cceccceeceee Cc 

E8807-3 Bell Boy ........ ceed caaaeta saab niente F 8910-1 Multimeter ........... sha ata occ scas ad H ACCESS or VISA 

E8807-4 Logic Probe o.oo... iceceseseseveseeeeecseves CG E8916-2: MIDI Mapper sis cies: xao-qc naan apeite tay a8 <5 M 

E8807-5 Updated FM Stereo Decoder .................. J 

E8807-6 Breath Rate Display Board .................0... F i." - co. oS es — Ss | 

E8808-1 Breath Rate Main Board ....................... H 

E8808-2 Breath Rate Switch Board ..................... c | TO: ETI PCB SERVICE, READERS’ SERVICES, | 

E8808-3 Telephone Recorder ...........::.00c:ccsccsee D | ARGUS HOUSE, BOUNDARY WAY, | 

E8808-4 Analogue Computer Main Board (2 bds) .. M 

E8809-1 Spectrum EPROM Emulator .................. M | HEMEL HEMPSTEAD HP2 7ST | 

E8809-2 Frequency Meter (2 bds) ...........0000006. P | Please supply: | 

E8809-3 Travellers’ Aerial Amp ................:000.00008, E 

EeAigd GGeyeca Marueh Blabel E | Quantity Ref. no. Price Code Price Total Price 

E8810-2 Peak Programme Meter (2bds) .............,. N 

E8810-4 TV-to-RGB Converter .........cccsseseveseres E | | 

E8810-5 Electron RGB Buffer ....000.......00.:cccues Cc 

BGSI1] NiCd Charger o.ecccecceceecoccoecovecneee. E | | 

E8811-2 Chronoscope (3 bds) .................cc.c0ece ee. P | | 

E8811-3 Digital Transistor Tester ..........0...06..0000005 G 

E8812-1 Doppler Speed Gun (2 bds) 10.0.0... K | | 
; E8812-2 Small Fry Mini Amp ..,............000..:000000e D | | 
; ESS 2-3 TABPMOStAT scsecee vases sen cn tov erana apogee arene TS E Po: 
' E8812-4 Burglar Buster Free PCB ..............0.....0.. D | as eee £0.75 
§  £8812-5 Burglar Buster Power/relay Board ........... E 

E8812-6 Burglar Buster Alarm Board ................... Cc | Total enclosed £ | 

E8812-7 Burglar Buster Bleeper Board ..........,...... ¢ 

E8901-1 EPROM Programmer mother board ......... m | Please send my PCBs to: (610ck caPrmats PLEASE) | 
E8901-2 Variat-lon updated Main Board ............., H | ° | 

E8901-3 Variat-lon Emitter Board ....................... E NGG: 66 eee os iwamae nee di Seid Wit ioparaces 8 aha ah a ineansprataya Sls ere 
? E8901-4 In-car Power Supply ................000cscceeee C | | 
+ E8901-5 Granny's Hearing Booster ..............1c000 E Address...... WIS owe a Saveweses eTereerr ey 
; £89021 Compressor/Limiter/Gate ...0 0 . | 
t E8902-2 Ultrasonic Horn .......0...0...c.ccececseeeveeeues D | | 
i PRUG2-3 sieoper Mobis Driver Board ............ L | Dieuere pe eal aka ialee eg Serer bee a ee ema i Ba wt end i et vale | 
: E8902-4 Quest-lon (2bds) 2.20.00... cece cscs ee eeeees K 
| E8903-1 Intelligent Plotter Solenoid Board ............ H Steen s ce ee seeeeeeeess Postcode ..............., tetas | 
© £8903-2 MIDI Programmer .......scc:sssssssevvseen sn | | CHEQUES SHOULD BE MADE PAYABLE TO ASP Lid. | 

E8903-3 Balanced Disc Input Stage ..............0000.. BP se a Nt py eee cell 
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Graham Nalty’s super- 
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VIRTUOSO POWER 
AMPLIFIER 
REVISITED 


ince the Virtuoso power amplifier was 
published in ETI (April-June 1988), 
many people have asked for a kit for a 
MOSFET power amplifier. In response I 
have redesigned the Virtuoso, using as 
much of the original design as possible — if only 
because | think it is a very high quality design which 
would be difficult to improve upon. 

Most readers will be familiar with the Hitachi 
power MOSFETs such as 2SJ50 and 2SK135. In the 
next few months, I hope to have a new integrated 
amplifer design using the very latest TO-3P versions, 
but for the MOSFET Virtuoso [ am using MOSFETs 
developed for use in switch mode power supplies. 
These have the special advantage that they can be 
directly substituted pin for pin with bipolar darlingtons. 
This considerably simplifies the redesign. 

The output MOSFETs chosen here are the RCA 
types RFM10N15 (n-channel) and RFM10P15 (p- 
channel). These are rated at 150V and 10A each with 
a peak current rating of 25A. Two features of their 
electrical performance need special care in applying 
them to any power amp circuit. 

Firstly both types exhibit a positive temperature 
coefficient up to 2A (n-channel) or 6A (p-channel). 
This means that when the gate voltage is fixed the 
effect of conduction will cause the devices to generate 
heat. The increase in temperature will cause a higher 
current to flow for the same gate voltages and this will 
increase the temperature further. In bipolar transistors, 
this effect — thermal runaway — can cause 
destruction of the output devices. It is usually 
prevented by placing low value high power resistors 
in series with the emitters. A further refinement used 
in the original Virtuoso power amplifier is to make the 
bias voltage reduce as the temperature of the output 


+V 


-V 
Fig. 1 Output stage protection for the MOSFET 


| Virtuoso 


devices increases so that the no-load current in the 
output stays reasonably constant irrespective of 
temperature. This is achieved by placing Q53 on the 
same bracket as the output devices. In the MOSFET 
Virtuoso the presence of Q53 provides more than 
adequate temperature control of the output so that 
series resistors in the gate circuit which would degrade 
the sound quality (upgrading the quality of these 
resistors in power amps can easily be shown toy 
improve the quality of sound) are not needed. 
Secondly, conduction does not occur in the 
RFM10N15 and RFM10P15 until the gate voltage 
across each device is 3-4V. This means that the bias 
voltage set by Q53 is around 7V. In practice this is 
achieved by changing the value of R60 to 150R. 


Redesign 


Using MOSFET output devices, design of the output 
stage protection circuit is considerably simplified (see 
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Fig. 1). [t is only necessary to prevent the gate-to- 
source voltages from exceeding 20V and this can be 
achieved using a diode and zener diode in series. Also 
FS2 can be replaced by a link. On consideration of 
the most likely causes of failure which could cause 
external damage. this fuse would not afford any 
additional protection on top of FS3 and FS4. Sound 
quality will be improved. A 220R resistor is placed in 
series with each gate to prevent radio frequency 
oscillation. 

The full circuit diagram is shown in Fig. 2. A 
further change to the design was the removal of Q41, 
Q42, C56 and changing R48 and R49 to 220R. This 
change was necessary to eliminate oscillation which 
occured on a test ‘awkward load’ Readers who are 
tempted to substitute MOSFET transistors for bipolars 
in other designs should be advised to test the stability 
performance of the amplifier before use. 


Construction 


Construction is straightforward except for the 
installation of the gate resistors. The PCB layout is 
modified to include positions for the gate resistors on 
the underside of the board as close as possible to the 
gates. If you already have one of the original circuit 
boards you will need to cut the track in six places close 
to the four gates (see Fig. 3). At two of the gates you 
will have to cut the track in two places and later join 
them back, but avoiding connection to gates. When 
the MOSFETs are in place, then connect the 220R 
resistors from the gate terminals to the track which 
originally connected to that position. 

A total of nine wire links is needed on top of the 
boards. Two are used for both bipolar and MOSFET 
versions in positions reserved for parts only used for 
the inverting amplifier version (see ETI June 1988). 
Two are used to link across the base to collector 
positions of each Q54 and Q55 and the final four are 
used to link the source of each MOSFET to the output 
in place of R75, R79, R83, R87. The final link replaces 


ca2 


470n 
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the loudspeaker fuse FS2. 

Attach the links first together with the small 
diodes {1N4148) and resistors, then attach other 
components in order of ascending size. 

Transistors Q45-47 are TO126 cases and are 
attached to a small aluminium heatsink. Q45, 46 have 
their metal side facing the input side of the board, Q47 
the other way. 

Attach the bracket for Q50.51 with fibre washers 
underneath and mount the transistors — Q50 is 
insulated from the bracket by a TO220 insulator. 

Now fit RV1 and the main heatsink bracket. The 
four output transistors Q56-59 are mounted via 
flexible TO3 insulators and the gate and source pins 
are inserted through the PCB, Don't solder them in 
yet. Attach the 6BA x 34in bolts via a washer on the 
top side of the transistor. Insert an insulating bush from 
the other side into the PCB, into the metal bracket over 
the bolt. A 6BA solder tag and nut should be attached 
to the four bolts nearest to the end of the board. a 
washer and nut on the other four (screw them finger 
tight). Then attach Q53 with a 34in bolt, small nylon 
bush, then Q53, TO220 insulator, bracket. through 
the PCB to a washer and nut. 

Now screw all nine bolts tight and check with a 
meter for shorts between the transistors and bracket. 

Complete the board with C41,42.45,46,48.49, 
54,55 (if you are using ‘wonder caps’ in the upgraded 
amplifier, you can use the offcuts of wire to parallel 
all the high current tracks). 

Solder all the power transistor leads to the PCB 
and connect the drains of the TO3 transistors by 
soldering the solder tags to the PCB tracks. Connect 
the gate resistors R93-96 from the gates to the track 
either as described earlier or to undrilled pads in the 
modified PCB. 

To test the amplifier you have built, remove fuses 
FS3 and FS4 and turn RV1 fully anticlockwise. 
Connect the power supplies and switch on. Check 
that the DC offset voltage does not exceed around 


REGULATOR 


Fig. 2 Complete circuit diagram for the amplifier board 


NOTE: 

043,44 - BCI84C 
045-47 - BD139 
048,52 = BC184C 


O60 = BD244C 

Q61,63 = BD243C 
Q56,58 = RFMIONIS 
057.69 = RFMIOP15 
D4142 = J5O7 
D43-46,49,60 = IN4148 
D47,.48 = J610 

D53,54 - 16V 1W ZENER 
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INPUT 


% = CUTS IN TRACKS 


Fig. 3 Amending the PCB for the gate resistors 
(replacement foil pattern shown on the foil pages) 


250mV (the DC offset will be higher than the original 
bipolar design due to the removal of Q41 and Q42), 
If all seems right, turn RV1 clockwise until the collector 
to emitter voltage of 053 reaches about 6.8V. Make 
a fine adjustment until! about 30V is measured across 
R63 and R64. At this setting the output current is 


Fig. 4 Connection of the MOSFET Virtuoso to a single supply 


around 70mA per MOSFET. If all seems OK, switch 
off, give the power supply capacitors a few minutes 
to discharge and insert FS3 and FS4. 

The power output of the amplifier was measured 
in a standard Virtuoso power amplifier to the output 
stage and with the low current regulators set at +45V, 
Output power prior to clipping was measured at 95W 
into 8R ohms and 170W into 4R. 

The MOSFET Virtuoso power amplifier board 
is designed as part of the complete Virtuoso power 
amplifier. Ideally it should be used with a high quality 
power supply such as I described in ETI April and May 
1988. The supply voltage of the low current stages 
must not exceed +50V due to the voltage ratings of 
parts used. The supply voltage to the output should 
be within about 5-8V of the voltage used for the low 
current side. Ideally it should be used with separate 
power supplies for the low current and output stages, 
but will work off single supplies if connected as shown 
in the circuit of Fig. 4. The use of separate power 
supplies for low current section and output section 
gives an improvement in sound quality which does 
justify the extra cost. 

As more enlightened readers will appreciate the 
MOSFET Virtuoso sounds different from the original 
design. High frequency sounds are reproduced with 
greater clarity and with a greater sense of the dynamic 
— aloud high frequency sounds louder than when 
using the bipolar output. Initially low frequency 
sounds are less prominent, due to the extra dynamics 
of higher frequencies, but bass lines in music are 
reproduced more clearly as if the MOSFET amplifier 
has greater dynamic control over movement of the 
bass cone. Drums are reproduced in a manner which 
is closer to the real instruments. This effect would be 
expected to some degree from the removal of the 
emitter resistors. 

The overall effect of the MOSFET amplifier is one 
which is very close to that of the bipolar version on 
a brief comparison, but is a quite large improvement 
in terms of its ability to convey musical enjoyment of 
the performance. 

Further improvements to the performance of the 
amplifier can be achieved by using a DC servo to 
extend the low frequency performance and at the 
same time eliminate the capacitors C45 and C46 in 
the feedback loop. In future articles in ETI, | hope to 
describe the design of DC servo circuits that can be 
applied to any power amplifier and also to preamps 
such as the Virtuoso preamp. 
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PARTS LIST 


ALVUd!1 


BUYLINES 


The parts and kits for the Virtuoso are available from Audiokits, 6 Mill 
Close, Borrowash, Derby DE7 3GU. Tel: (0332) 674929, 
Component pack prices for standard £60.00, upgraded board 
£125.00. 

Complete kit price 2U case £330.00 or 3U case £790.00 


NATIONAL COMPONENT CLUB 


SPECIAL OFFERS * SPECIAL OFFERS 
SCANNER KIT(T) 


A complete, six channel LED chaser kit for less than a fiver! 
The kit comes complete with all components, including PCB 
and instructions simple enough for even a complete novice. 


Works from 6-15vdc, £4 
MAINS POWER SUPPLY FOR ABOVE £1] 


SPECIAL OFFER PACKS 
ASSORTED CAPACITORS £1 
$0 ASSORTED TRANSISTORS £Y 
25 ELECTROLYTIC CAPACITORS £1 


BRIAN PRICE — BOHM ORGAN STUDIOS 
389 ASPLEY LANE, NOTTINGHAMNG8 5RR Telephone/Fax: 0602-296311 


32 years’ experience in high quality an and Keyboard design behind every BOHM 
product. 


. Equipment for Home and Professional use. 


* Latest from BOHM 

»* Portable or Spinet 

* 49 note keyboards. Touch Sensitive 
* 16 Bit Sampled voices 

* Stereo Sounds 

* 22 Sampled Rhythm Instruments 


* 16 Live Rhythms, Fills, intros, Breaks & Endings 
* Tempo Readout 
* User Programmable voices, Ahythms & 
Accompaniments 
* Soundcard Programming 
» 15000 note Sequencer 
pe »* Full MIDIWIN/OUTTHRU 
. = * 160w Stereo Hi-Fi Amplifier 
BOHM MUSICA FUTURA 520 Kit form Price £2230 inc. Stool. Built Price £2563 
BOHM DOUBLE KEY 520(P) Kit form Price £2069 inc. Stool. Built Price £2275 
Loudspeakers extra for Double Key 2x 8100 £474.00 100 watts if required, 


Supplied in Kit form or Built by: 
THE BOHM SPECIALISTS 


Part Exchange welcome, Please write or phone for fuil illustrated literature and price list. 


19” RACK MOUNTING EQUIPMENT CASES 


This range of 19” rack equipment cases have been designed with economy and versatility as their 
objective. These cases are supplied as a fiat pack kit with assembly instructions, 


12 __ LED's (5mm red or green) y pe yok apheoer lahat lage alata 
All units are 10” (254mm) deep and are available in the following popular sizes:- 

5 555 TIMER IC's £7 

5 741 OP-AMPS £7 


* Special Offer Price 


FREE M YS TER 3 PA CK WI TH DELIVERY INCLUDED (UK ONLY) tT z . LR 
ALL ORDERS OVER £6 pore Ae ord 


Blanking Panels, Racking Consoles : Pd = 

Please add £1 P&P, but do not add VAT. and Rack Cabinets are also available. Ss ; ia y / _ 

P.O. or cheque to: NATIONAL COMPONENT CLUB, DEPT ETI, SO i i 
TEL: 0275 823983 FOR ACCESS/VISASALES = > iy ” 


Please send S.A.E. for details. 
* TRADE ENQUIRIES WELCOME * " 
BAILEY HILL, CASTLE CARY, ae z 
SOMERSET BA? 7AD OR CHEQUE WITH ORDER TO:- i all 
We now accept Access - phone (0963) 51171 RACKZ PRODUCTS 
PO BOX NO. 1402, MANGOTSFIELD, BRISTOL, ENGLAND BS17 3RY 


& FREE CLUB MEMBERSHIP * 
Just phone above number or write for details 


ETI NOVEMBER 1989 39 


—o 
—_ \ 
n \s 
aw 3 1! 
@ BNse @ eert 4 
3 orF 
asm 
=. 
= e 


Gary Calland alerts us 
to an alarm that can 
save lives 


IR LED 


REFERENCE 5V 
VOLTAGE : REGULATOR 
on 
CT 


IR PHOTOTRANSISTOR 


tis almost every week that we hear of the tragic 
death of a family caught asleep in the night 
while their house burns due to a carelessly 
misplaced cigarette end or faulty electrical 
equipment. Even the lucky ones who escape 
the flames have to contend with the prospect of a 
gutted shell of a house where their home once stood. 
Property and more importantly lives could be 
saved if a fire alarm system were fitted as in all public 
buildings and work places. However, commercially 
available comprehensive fire alarm systems are 
expensive and messy to fit and few people think the 
risk of fire warrants such a large expenditure. 
Recently, small battery-powered fire alarms 
costing around £20 each have appeared and these 
provide an acceptable alternative to a full alarm system 
as two or three units strategically placed around a 
house can provide complete advanced warning of 
trouble. 


SWITCH 


Fig. 2 Complete circuit diagram for the alarm 


ic4 = 78L05 
1C3 = 741 


1C5 = 4093 
Q1 = BC212LB 


Usually it is not the heat of the flames that kill 
people but the plumes of choking and often toxic 
smoke which pour out from burning material. As so 
much smoke is produced even from the smallest 
flame, it seems logical to use this smoke to trigger the 
alarm. 

This is often performed by using expensive gas 
sensors. However the battery powered Smoke Alarm 
described here uses an equally sensitive but cheaper 
infra-red beam method of smoke detection which 
means it costs less to build than most units in the 
shops. The Smoke Alarm, once triggered, sounds 
indefinitely until reset. It is loud and piercing and 
should wake anyone from the deepest sleep. 

Battery life was a major consideration in its design 
and every effort has been made to conserve battery 
power. When, inevitably, the batteries begin to run 
down, a red light warns that a battery change will be 
needed soon. Further drainage of the batteries to an 
extent that the Smoke Alarm won't work correctly 
results in the alarm sounding to warn that the batteries 
need changing now! Alternatively, if the Smoke Alarm 
is mounted near a mains socket, batteries will be of 
no worry as the alarm can be powered from a battery 
eliminator, or by the purpose-built mains unit also 
described here. 

In general, the Smoke Alarm is small, portable 
and cheap — an attractive alternative to an 
unprotected home. 


A Simple Explanation 


Fig. 1 breaks the Smoke Alarm into simple sections 
so that its operation can be easily considered. The 
detector circuitry is powered via a constant 5V 
regulator as the falling potential of a battery with time 
could interfere with the correct operation of the 
Smoke Alarm. Any battery voltage in the range 6-9V 
can hence operate the alarm correctly. The minimum 
voltage is about 6V and so a red light is illuminated 
by the low battery indicator section when this voltage 
is reached. 

Smoke particles are detected as the intensity of 
the infra-red beam is reduced. This reduction is sensed 
by an infra-red phototransistor. Infra-red waves are 
used as opposed to ordinary light so the detector is 
relatively unaffected by external light sources. 


Q2 = TIL78 
DI = OAS 
ZD1 = 5V6 ZENER 


LED! = LO274 
LED2-3 » RED LEDs 
8U2ZZ1 = PB2720 
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HOW IT WORKS 


LED1 draws a considerable amount of current 
and if left on continually it would quickly drain the 
batteries. As a result, the IR LED timer only switches 
the LED on for about 2 second in every 5 seconds. 
See Fig. 3 for timing diagrams. 

The infra-red beam from LED1 shines into the 
phototransistor a short distance away, and a voltage 
is produced inversely proportional to the intensity of 
the beam. This is fed into one input of a comparator, 
and is compared with a reference voltage at the other 
input. When an unobstructed beam is present, the 
phototransistor voltage is lower than the reference 
voltage and the output from the comparator goes low. 
See Fig.3. When there is no beam present, or the 
beam intensity is reduced slightly by smoke, the 
phototransistor voltage is greater than the reference 
voltage, and the comparator output is high. 

Because the comparator output is high both for 
no beam and a reduced one, a NAND gate switch is 
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included so that the comparator output is only 
considered when the IR LED is on (the NAND gate 
switch output only goes low when a reduced intensity 
IR beam is detected). A low triggers the latch and 
audio alarm only to be cancelled when the latch is 
reset. 


Construction 


Virtually all the components are mounted on both 
sides of the PCB to simplify construction as much as 
possible. Start by mounting the components on the 
normal side first. See Fig. 4. No specific order is 
necessary except that the three links should be 
soldered in first. It is always wise to leave 
semiconductor devices until last to reduce heat 
damage as much as possible. IC sockets should be 
used since this also reduces heat damage and static 
damage to the CMOS devices. 

When this is complete, turn the PCB over so that 
the copper side is up (see Fig. 5) and solder the two 
press switches SW1 and SW2 in position leaving 
about 3-4mm of lead showing. The slide switch SW3 
is soldered as close to the PCB as possible. The 
piezoelectric resonator is soldered in and mounted on 


Te 
so A A ee a (Ok 


| ae | ai ON 
IR LED OUT 
COMPARATOR COMPARATOR GOES HIGH 

WHEN IR BEAM IS OFF 

STATES DO NOT CHANGE 


AT EXACTLY THE SAME 
TIME - PRODUCES GLITCHES 


TIMER 
NAND OUT 
NO SMOKE 
INPUT TO 
LATCH 
GLITCHES - WOULD TRIGGER 
LATCH. SMOOTHED OUT BY 
PACITOR C2 
: M 
LATCH OUT LATCH OUT LOW - NO ALAR! 
cies COMPARATOR REMAINS HIGH 
SINCE SMOKE IS PRESENT ‘ py HIGH 
TO LATCH 
* GOES LOW 
TIMER 
NAND OUT nee 
PRESENT 


INPUT TO | [ | | 
LATCH 
et 
| - TRIG ALARM 
LATCH OUT LATCH OUT GOES HIGH GERS 


Fig. 3 Timing diagrams for the complete circuit 


top of a plastic tap washer using superglue so that it 
is several mm from the PCB. The two red LEDs (LED 
2,3) should be soldered with their bases about 9mm 
from the PCB, but the IR LED and the phototransistor 
should have as much lead showing as possible. In fact 
the phototransistor will need lead extensions soldered 
on so that it is in line with the IR LED. They should 
be left unbent as this stage. The holes for the LEDs 
and switches can now be carefully drilled and filed in 
the front of the case. The hole for the optional power 
socket can be anywhere as long as it does not interfere 
with the PCB. 

The PCBis attached to the case by using 25mm 
6BA bolts which are glued onto the inside of the case 
using Araldite epoxy resin. Alignment of the 6BA bolts 
is best done as follows. Loosely place the bolts in the 
PCB holes with their heads on the copper side, with 
nuts screwed on to prevent them falling out. Put a 
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small quantity of epoxy resin on each head and place 
the PCB in the case so that the LEDs and switches 
come through the front panel in the desired final 
position. The bolts can now be accurately positioned 
and left to set. 

The battery holders are glued onto the case lid 
using epoxy resin and wiring up is straightforward. All | 
that remains is for the infra-red LED and phototran- © 
sistor to be bent towards each other asin Fig.6. They, 
can be covered by a plastic pen top or similar to |= 
provide a more attractive finish, as long as this does \— 
not interfere with the infra-red beam. 


Operation 


When switched on, the alarm should trigger but this 
can be reset by the correct button. After this, the sense 
LED should come on every 5 seconds, and the alarm 
should sound again since the reference voltage will 
not be set correctly. To do this, firstly make sure the 
IR LED and phototransistor are accurately facing each 
other and then turn the preset fully anti-clockwise. 
The alarm should not sound when the LED comes 
on. Gradually turn the preset clockwise until the alarm 
just fails to sound. The alarm is now set, and it should 
be found that placing a finger or a clear polythene bag 
in the beam path will trigger the alarm. 

External light sources will have no effect on the 
Smoke Alarm and so correct operation will be 
maintained day or night. Mean current consumption 
is less than 5mA and so the batteries should last a 
considerable length of time. Alternatively, a 7-9V 
battery eliminator or the mains power supply 
described may be used. 

The cost of the project should be about £10 less 
case and PCB. 


Fig. 8 Component overlay of power supply 
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Power Supply 


If a mains powered version of the Smoke Alarm is to 
be built and a suitable battery eliminator is not available 
then this custom designed PSU can be used. Once 
built the PSU can be used to power other equipment 
requiring about 9V and drawing less than 100mA of 
current as well. 

The PSU is extremely simple as Fig.7 shows. A 
mains transformer converts mains 240V into alow AC 
voltage via a 100mA fuse FS1. This low voltage AC 
is rectified by diodes D1 and D2 and the DC peaks 
are smoothed into an unregulated but steady 9V by 
capacitor Cl, 

Construction is equally simple, with the few 
components mounted on the PCB which fits inside 
any suitable plastic case. See Fig. 8. Note that cable 
ties are used to prevent the cables from being pulled 
out from the case. The approximate cost of the supply 
is £3.00 less PCB and case. 


PARTS LIST 
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PARTS LIST 


BUYLINES 
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HOBB YKI T introduces 


The smart kit range of over 
120 electronic kits 


Each smart kit has been tried and tested 
having been available in europe for the 
last 8 years 


SMART KITS ARE EDUCATIONAL 
SMART KITS ARE RECREATIONAL 


# NO PRIOR ELECTRONIC ry 
KNOWLEDGE IS NECESSARY 


All you need is a soldering iron everything 
else is provided in each blister packed 
smart kit 


babcenter 


E ¢/~ectroonites 


e Inteligent 
e Schematic 
e Input 

e System 


ISIS schematic capture complements our PCB 
PRO/AR circuit board layout software to give an 
integrated design system. 


It features a workstation quality graphical user 
interface yet runs on an IBM PC and costs a very 
affordable £399. 


ISIS is packed with functionality too - major 
features include full support for hierarchical 
design, automatic wire routing and object 
oriented 2D drawing as well as a comprehensive 
library system. 


Comprehensive catalogue available 
including special introductory offer 


Please send 34p s.a.e. to: 


HOBBYKIT LTD 


UNIT 19 CAPITOL INDUSTRIAL PARK 
CAPITOL WAY LONDON NW9 0EQ 
FAX: 01-205 0603 


If you've been put off CAD by near impenetrable 
user interfaces why not take a look at ISIS - call 
now for your free demo disk. 


14 Marriner’s Drive, Bradford, BD9 4JT 
Telephone: 0274 542868 
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No. 1 LIST BAKERS DOZEN PACKS 


All packs are €1 each, if your order 12 then your are entitled 
pi sei remain bra Note the figure 
on the extreme lett is the pack ref number and the next figures 
is the quantity of items in the pack, finally a short description. 


5 134 spurs provide a fused outle! to a ring main where 
device such as a clock must nol be switched off 
in flex switches with neon on/off lights, saves leaving 
things switched on 
6y. 1A mains transformers upright mounting with fixing 
clamps 
64" speaker cabinet ideal for extensions, takes your 
speaker. Ref BD137 + 
30 watt reed switches, it's surprising what you can make 
withe these — burglar alarms, secret switches, relay etc. 
etc 
25 watt loud speaker two unit cross—overs 
BOA. stereo unit 1s wonderful breakdown value 
nicad constant current charges adapt to charge almost 
any nicad battery 
humidity switches, as the air becomes damper the 
membrane stretches and operates a microswitch 
134 rocker switch three tag so on/off, or change over with 
centre off 
24hr lime switch, ex-Electricity Board, automatically 
adjust for lengthening and shortening day. 
oe with series resistors, these make good night 
hg) 
mini uniselector, one use is for an electric jigsaw puzzle, 
we give citcuit diagram for this. One pulse into motor, 
moves switch through on pole 
flat solenoids — you cloud make your multi- tester read 
AC amps with this 
suck or blow operated pressure switch, or il can be 
Operated by any low pressure variations such as water 
level in water tanks. 
6y 750MA power supply, nicely cased with input and 
output leads 
stripper boards each contains a 400v 2A bridge rectifier 
and 14 other diodes and rectifiers as well as dozens of 
condensers etc 
alae ta boards etc, Normal cost about 80p 


seni boxes approx. 3” cube with ae hole through 
top $0 ideal for interrupted beam switch 
motors for model aeroplanes, spin to star! so needs no 
switch 
microphone inserts — magnetic 490 ohm also act as 
speakers 
reed relay kits you get 16 reed switches and 4 coil sets with 
notes on making c/o relays and other gadgets 
ant cover for 134 sockets — prevent those inquisitive 
little fingers getting nasty shocks 
neon indicators in panel mounting holders with lens 
5amp 3 pin flush mounting sockets makes a low cost disco 
panel — need cable clips 
in flex simmerstat — keeps your soldering iron etc always 
al the reacly 
mains solenod very powerful has 1° pull or could push 
il modified 
keyboard switches — made for computers but have many 
other applications 
electric clock mains operated put this in a box and you 
need never be late 
12v alarms make a noise about as loud as a car horn. 
ale solid but OK 

x 4" speakers 4 ohm made fram Radiomobile so very 
nh: quality 
pars controls output of boiling ring fram simmer to 
bai 
leads with push on Va" tags — a must for hook ups — 
mains connections etc 
oblong push switches for bell or chimes, these can mains 
up to.5 amps so could be foot switch if fitted into pattress 
mini 1 watt amp for record player, Will also change speed 
of record player motor 
mild steel boxes approximately 3” x 3" x 1° deep — 
standard electrical 
mixed silicon diodes 
tubular dynamic mic with optional table rest 
47uf, non Helps block capacitors, pcb mounting 
Books, Useful for beginners. Describes amplifiers, test 
equipment and kit sets 
Miniature driver transformers. Ref L744. 20k to tk, centre 


tapped 

35 voll operated relays, each wilh two pairs CO contacts 
There are over 1,000 items in our Bakers Dozen List, if you want acom- 
plete copy please request this when ordering. 


EQUIPMENT WALL MOUNT Its a multr-adjustable metal 
bracket thal could be used for mounting flood light, loudspeaker, TY 
camera, even a fan and on almost any sort of wall or ceiling even between 
wall and ceiling. The main fixing brackets rotate such thal an inward or 
an outward corner can be accommodated. Front panel also tilts upward 
or downwards to a reasonable angle and can be easily removed 

for wiring, A very useful bracket, Regular price would be around £6 each. 
Our price only £3. Our ref 3P72_ or 2 for €5. Our ref 5P152. 


EXTRA SPECIAL CROC CLIPS Medium size, just right for 
most hook-ups. Normally sell for around 10p to tSp each. These are 
insulated and have aiength of wire connected to them but this is very easy 
to snip off if you de not need it. 20 for £1. Our ref BD117A. 


COPPER CLAD PANEL For making PCB. Size approx 12in 
long x8\2in wide, Double-sided on fibreglass middle which is quile thick 
(about 1/16in} so this would support quite heavy components and could 
an form a chassis to hold a mains transformer, etc, Price £1 each. Our 


FET CAPACITOR MICROPHONE EAGLE Ci.200 
Output equivalent to a high class dynamic microphone while retaining the 
characteristics ol a capacitor microphone. Price £1. Our ref BI 


SUB-MAN TOGGLE SWITCH. Body size 8mmx4mmx7mm 
SBOT with chrome dolly fixing nuts. 3 for £1.00. Order rel BD649. 


POWERFUL IONISER 
Generates apprax. 10 times more IONS than the ET! and similar 
circuits. Will refresh your home, office, workroom etc. Makes 
u feel better and work harder -- a complete mains operated 
it, case included. £12,50+£2 P&P. Our ref 12PS/1. 


REAL Se AMPLIFIER tor your car, it has 150 watts 
Fr response 20hz to 20Khz and signal to noise ratio better 
Ee Hn Dal i prt eieal pamaction gad achemiobie Wapato ¥ 
ur existing car stereo, so needs no pre-amp. Works into speakers 
= described below. A real bargain at only £5750. Order ref: 57P1. 


REAL POWER CAR SPEAKERS. Stereo pair output 100w 
each, 4-Ohm impedence and consisting of 62" wooter, 2" mid range and 
1” tweeter. Each set in a compact purpose built shelf mounting unit. Ideal 
to work with the amplifier described above. Price per pair £29.96. Order 


STEREO CAR SPEAKERS. Not quite so powerful — 70w per 
channel. 3" wooler, 2" mid range and 1° tweeter. Again, in a super purpose 
built shelf mounting unit. Price per pair: £2795, Order ret; 26P 1. 
ELECTRONIC SPACESHIP. 
Sound and impact controlled, responds 
fo claps and s! and reverses when 
it hits anything. Kit with really detailed 
instructions. ideal present for budding 
apt: Be electrician, A oe, should 
able to assemble you may have 
lo pap with the soldering of the com- 
ponents on the pcb. Complete kit £8. Our ref 8P30, 


12” HIGH RESOLUTION MONITOR. Biack and white 

screen, beautifully cased for free standing, needs ral a 12¥ 15 amp 

supply. Technical Is on its way but we understand these are TTL input. 

flaca £25.00 plus £5 insured delivery. Order 
1 


14” COLOUR MONITOR made by the American Display Tek 
company. Uses high resolution tube made by the famous Japanese 
Toshiba company, 5 bao made unit intended for console mounting, 

but top and sides adequately covered by plated metal panels. Full technical 
Spec. on its way lo us. We limited number of these. All brand new 
rs in ve 's cartons. Price £89 each plus £6 insured carriage. Order 
t Ht. 


BUSH RADIO MIDI SPEAKERS. Stereo pair. BASS reftex 
system, using a full range 4in driver of 4 ohms impedance. Mounted In 
very nicely made black fronted walnut finish cabinets. Cabinet size 

812in wide, +4in high and 312in deep. Fitted with a good length of 

flex and terminating with a normal audio plug, Price £5 the pair plus ra 
post. Our ref 5P141, 


3¥%2in FLOPPY DRIVES. We still have two models in stock: 
Single sided, 80 track, by Chinon, This isin the manufacturers metal case 
with leads and IDC connectors. Price £40, reference 40P1, Also. a double 
sided, 80 track, by NEC. This is uncased, Price £59.50, reference 80P2. 
Both are brand new. Insured delivery £3 on each or both. 


“ ATARI 65XE COMPUTER. 
& At64K this is most powertul and suitable 
Ajj for home and business. Brand new, 
complete with PSU, TV lead, owner's 
manual and six games, Can be yours for 
only £45 plus €3 insured delivery. 


REMOTE CONTROL FOR YOUR 65XE COMPU- 

TER. With this outfit you can be as much as 20 feet away as you will 

have a joystick that can transmit and receive to plug into and operate your 

hewn This is also just right if you want to use it with a big screen 

has two fire buttons and is of a really superior quality, with 

HA ped gs Cups for additional control and one handed play. Price £15 
for the radio controlled pair. Our ref 15P27, 


ASTEC PSU. Mains operated switch mode, so vety compact, 
Outputs: +12v.2.5A, +5v6A, +5V 5A, +12v.5A. Size: 71/4in long x 43/8in 
wide x 23/4in high. ready for use. Brand new. Normal pce £30+, 
our price only £12.95, Our ret 13P2, 


VERY POWERFUL 12 VOLT MOTORS. ward 
Horsepower. Made to drive the Sinclair C5 electric car but adaptable to 
Power a go-kart, a mower, a rail car, model railway, etc. Brand new. Price 
£20 plus £2 postage. Our ref 20P22. 


PHILIPS LASER 

This is helium-neon and has a power rating of 2mW. 
— safe so long as you do not look directly into the 
beam when eye could result. Brand new, nl £30 
plus £3 insured . Mains operated upply for this 
tube gives 8kv anking and 1. panei atSm Pile npc ea 
< pe ame £15. As above for 12v battery. Also £15. Our 
rel 15P22, 


ORGAN MASTER is a three octave musical keyboard. It is 
beautifully made, has full size (piano size) keys, has gold plated contacts. 
and is complete with ribbon cable and edge connector. Can be used with 
many computers, request information sheet. Brand new, only £15 plus 3 
postage. Our ref 15P15. 


FULL RANGE OF COMPONENTS a1 very keen prices are 
available from our associate compnay SCS COMPONENTS, You ma 
already have their catalogue, if not request! one and we will send it 

with your goods. 

HIGH RESOLUTION MONITOR, gin black and white, used 
Philips tube M24/306W. Made up in alacquered Irame and has open side. 
Made for use with OPD computer but suitable for most others, Brand new. 
£16 plus £5 post. Our reference 16P1 


12 VOLT BRUSHLESS FAN. Japanese made. The ponder 
square shape 41/2in x 41/2in x 13/4in), The electronically run fans not 
only consume very little current but also they do not cause interference 
as the brush type motors do, ideal for cooling computers, etc., or for a 
caravan, £8 each. Our ref 8P26. 


MINI MONO AMP on pc.b. size 4” x 2” (app.) 
Fitted Volume control and a hole for a tone control 
should you require it. The amplifier 
has three transistors and we estimate 
the output to be 3W rms. More 
technical data will be included 

with the amp. Brand new, perfect 
condition, af the very low 
price of £1.15 each, or 13 for £12.00. 


J & N BULL ELECTRICAL 


Dept. ET.I., 250 PORTLAND ROAD, HOVE, 
BRIGHTON, SUSSEX BN3 5OQT. 
MAIL ORDER TERMS: Cash. PO. or cheque with order. Orders under £20 
add £2.00 service charge. Monthly account orders accept from schools 
and public companies. Access & Barclaycard orders are accepted — 
minimum £6. Phone (0273) 734648 or 203500. 


POPULAR ITEMS—MANY NEW THIS MONTH 


JOYSTICKS lor BEC, Atari, Dragon, Commodore, etc. All £5 each. 
State which required. 


on. Ci telphone type array. Requires 

by 55mm cut out and is connected by 10-pin IDC socket. Price £2.00 aach. 
Order ref 2P251, 
TELESCOPIC FM AERIAL. Stands up or folds over. soe 
constructed and heavily nickel pe Supplied complete with tixing ni 
Price £1 each, Order ref BD71 
SUB-MIN PUSH eWiTcHEs Not much bigger than a plastic 
transistor but double pole, PCB mounting. Three for €1. Our ref BD688. 
CARTRIDGES lor the Double Microdrive. Price 4 for £5. Our ref SP146, 
NICAD CHARGER UNIT Metal pronged, plastic case contains 
Hon cal but sth pan te = va Only 30 

is but no dou or 
two for £1, Our ret apse sae 
EDGEWISE PANEL METER 1 you are shor of panel space then 
this may be the answer. It has a FSD of 100wA and a nice full vision scale. 
Itfits through a hole approx 1¥4in x ‘ein. Another feature is that it has an 
indicator lamp behind the scale which you could light up, it would then serve 
as an on/off indicator. Price £1. Our ref BD700. 
AA CELLS Probably the most popular of the rechargeable NICAD 
types. 4 for £4, Our ret P44, 
Thome en feued ive entvoa mi emertona bene Kiana hoy 

are new an except 80 
Only £15. Our ref 16P-29. 
20 WATT 40HM SPEAKER With built in tweeter. Really well 
made unit which has the power and the quality for hi-fi reproduction. 6Ygin 
diameter, Price £5, Our ref 5P155. It is heavy so please add £1 to cover 
Postage if not collecting. 
MIN! RADIO MODULE Only about 2in square with ferrite aerial 
and solid dia tuner with its own knob, It is a superhet and it operates trom 
PP3 battery and would drive a crystal headphone direct bul be better with 
our mini mono amp. Price £1, Our ret BOT16. 
BULGIN MAINS PLUG AND SOCKET Uisdich vara 
with screw terminals, The socket mounts through a 1Vin hole and the 
iS brought in by the Insulating plug. eb tila cyphers ean 
have 2 pairs for £1 or 4 of either plug or socket for £1, You could make 
anon compact bench panel with these. Our ref BD715, BONS oF or 


MICROPHONE #f you want a low cost microphone then just arrived 
we have a very small hand-held dynamic mic with on/off switch in the handle, 
its lead term! I Ne Se ang ee ee OS BR UTS (OTR 
control. Price only £1, Our ref BO711, 


EXTENSION CABLE WITH A DIFFERENCE itis fiat on 
one side making it easy to fix and to look tidy. It is 4 core $0 suitable for 
telephone, bell, burglar alarms, etc, 50 yard coil for £5, Our ref SP153, 


MOSF ER AMPLIFIERS AND HIGH 
COARENT beviceen 100w pair made by the famous Hitachi 
Company. Reference 25K413 and ils component 25/118. Only £4 the pair, 


Our ref 4°42. 

BATTERY OPERATED TRAVEL MECHANISM On a 

plastic panel measuring approx. Sin x 31zin. Is driven by a reversible 12v 

battery motor, fitted with a pulley and belt which rotates athreaded 

rod and causes a platform to travel backwards and forwards through a 

distance of approx. Sin. Price £5. Our ref 5P140, 

MAINS OPERATED WATER VALVE with hose connection 

for inlet and outlet suitable for low pressure, Auto plant watering, etc. Only 

£1 each. Our ref BO370. 

20 VOLT 4 AMP MAINS ee Upright 

mounting with fixing feet. Price £3. Our ret 

16 OHM PM SPEAKERS Approx. ee x “Ain ‘watts. Ottered at 
very low price so you can use two in parallel to give you 10 watts at 8 ohms. 

£1 for two, Our ref BD684, 


EHT TRANSFORMER 4ky 2mA Ex-unused equipment. £5. Our 
ref 5P139, 


4 COUR TINSEL COPPER LEAD As {itted to telephones, 
terminating with flat BT plug. 2 for ¢1. Our ref 8D639, 


EHT TRANSFORMER éhy 3mA. £10. Our ref IOP56. 


VERY USEFUL MAGNETS Fiat, about tin long, tin wide and 
Jain thick. Very powerlul. 6 for £1. Our ret BD274(a). 


ACORN COMPUTER DATA RECORDER Ret ALFO3. 
Made for the Electron or BBC computers but suitable for most others. 
Complete with mains adaptor, leads and handbook. £10.00. Ref 10P44. Add 
£2 special packing. 

SOLAR CELLS Will give good current (depending on pe on 
sunlight or bright daylight. Module A gives 100mA, OMA. Price £1-Our K 

Model C gives 400mA. Price £2. Ou a2 19a Medel Dguon ROMA he pom 
£3. Our ret 3P42, 


SOLAR POWERED NI-CAD CHARGER 4 NiCAD 
batteries AA (HP7) charged in eight hours or two in only 4 hours. It is 
complete, boxed ready for use unit. Price £6, Our rel 6P3, 

METAL PROJECT BOX Ideal for battery charger, power supply : 
etc., sprayed grey, size 8" x Ya" x 4" high, ends are louvred for ventilation 
other sides are flat and undrilled. Price £3. Order ref 3P75. 


CAPACITOR BARGAIN Axial ended — 4700uf at 25v, Jap made. 
Normally 50p each, but you will get 4 for £1, Ret 613, 

SINLGE NED FLEX 7.02 copper conductors, pvc insulated then with 
copper screen, finally outer insulation. In fact quite normal screened flex. 
10m for £1. Our ref BD668. 

3 CORE FLEX BARGAIN No. 1 Core size 5mm so ideal for long 
extension leads carrying up to 5 amps or short leads up to 10 amps, 15m 
£2, Ref 2P189, 

3 CORE FLEX BARGAIN No. 2 Core size 1.25mm so ideal for 
bia apasbregplrgs leads aria upto 13 amps or shortleads up to 254. 10m 


ALPHANUMERIC KEYBOARD This keyboard has 73 keys 
with contactless capacitance switches giving long trouble free life and no 
contact bounce. The keys are arranged in two groups, the main area field 
7 a QWERTY array and on the right is a 15 key number pad, board size 
is approx, 13” x 4" — brand new but offered at only a fraction of its cost 
namely €3 plus £1 post. Ref 3P27. 
Ya HORSEPOWER 12 VOLT MOTOR Made by Smiths, the 
body length of this is 3in., the diameter 3in, and the spindle 
316th of an inch diameter. It has a centre flange lor fixing of can be teed 
from the end by means of 2 nuts. A very powerful litte motor which reves 
at 3,000rpm. We have a large quantity of them so if you have any projects 
in mind then you could rely on supplies for at least two year. Price £6, Our 
ref 6P1, discount for quantities of 10 or more. 
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Richard Grodzik 
shows how serial data 
can simply be 
displayed. 


PROJECT 


46 


his project will allow you to capture serial 
data and display the alpha-numeric mes- 
sage on an LCD screen. The unit is simple 
to use and is menu-driven. The data 
capture and character display allows the 
display of characters in both hex and ASCII form on 
the 2-line by 16-character display. The display may 
be moved forward through the 40-byte buffer by keys 
which will auto-repeat if held down. A full operating 
procedure is given. A trigger function allows the user 
to define a character within the serial data and any 
message after that point will be recorded. 

The Menu selectable parameters are as follows: 


Acquire mode: automatic, capturing and displaying 
any number of characters up to 40. 


Receive baud-rate: 150,300,600,1200,1800,2400 
Data bits: fixed, 8 


Parity: automatic, any 


Trigger: off, on (&0OH-&7FH) 


Serial Data Transmission 


To reduce the number of connecting wires required 
to send digital data over long distance, serial 
transmission is preferred and in this case requires only 
two wires, the signal wire carrying the digital informa- 
tion and acommon ground return. No handshaking 
has been included in the design, since the baud-rates 
(speed of transmission) are relatively low. 

Alpha-numeric characters are invariably ASCII 
coded digital words sent asynchronously, with a start 
bit, a stop bit and a parity bit framing each 7-bit ASCII 
character (see Fig. 1) thus forming 10-bit words. Note 
that this communication protocol, which is known as 
the RS232 standard, uses logic voltage levels which 
follow negative logic. TTL level ASCII signals can just 
as easily be sent in a serial format with just the 
inclusion of an inverter to satisfy RS232 logic protocol. 
The reason for higher RS232 logic voltage levels is 
to provide better noise immunity to long lengths of 
serial transmission, typically 2000 feet at the lower 
baud-rates. 


SERIAL LOGIC SCOPE 


ASCII Codes 


Codes range from &00 to &7F, the first 20 codes being 
assigned to control characters, These are the codes 
produced when a carriage return key is pressed on 
a computer keyboard. A table of ASCII control 
characters is shown in Table 1. 


ASCII 

SYMBOL MEANING 

nul nul 

soh start of text 

stx Start text 

etx end text 

eot end of transmission 
enquire 
acknowledge 
bell 
backspace 
horizontal tab 
linefeed 
vertical tab 
form feed 


carriage return 
shift out 
shift in 


data link escape 


reserved for xon/xoff 
handshake 


negative acknowledge 
synchronous idle 

end transmission block 
cancel 

end medium 
substitute 

escape 

form separator 

group separator 
record separator 

unit separator 

space 


Table 1 ASCII control characters 
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PARTS LIST ALWAYS LOW 


ALWAYS HIGH 


--~- LOW +3—» +15V 


—— ----HIGH -3 —m -15V 
D6 D5 D4 DS Dz D1 DO i 


ee PARITY BIT START BIT 


BINARY LOGIC LEVELS 
A INVERSION 


| FOR 
ASCII CHARACTER ‘A’ 


Fig. 1 Format for asynchronous serial data transmission 


ASCII codes &21 to &7F are decoded by the display 
to include all upper and lower case alpha-numeric 
characters and punctuation signs, as well as the 
symbol for the Japanese Yen. Are they trying to tell 
us something? 


Construction 


The display CMOS device is static sensitive so all 
precautions should be taken to protect this expensive 
part. It is recommended that this is the last component 
to be inserted into the PCB. Short out the connecting 
header pins with conductive foam. Two rows of DIL 
0.1 inch headers are inserted in the LCD connecting 
holes. Minimum time should be taken to solder these 
in place. The LCD then can be protected by the con- 


Pee ee ee ee ee 


Fig. 2 Component overlay for serial logic scope 
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oe 


ADVANCE (BLACK) 


a 


Ra 
ARM/SEL (GREEN) 
P| 7) 
Baa 
me elt TT i 


AS 
aot TET tty ta 


D7 D605D4D3D2D1D0 RS 


E LIQUID CRYSTAL DISPLAY 
16x2 


ar 


Fig. 3 Circuit diagram of serial logic scope 


HOW IT WORKS 


ductive foam until final insertion into the PCB, when 
the foam is removed. 


Connecting Up 


A single core screened cable is used to connect the 
unit to any computer. The screen of course is the 
common ground return (OV). The connections to the 
BBC model B or Master are to a 5-pin ‘domino DIN 
plug as shown in Fig 5a. For connecting a PC, a 
standard 25-way D-type socket is required. This is 
shown in Fig 5b. 


Batteries 


Please do not be tempted to use primary zinc carbon 
or any non-rechargable batteries in place of the NiCds, 


since you will get a total emf of 6V which is above the 
manufacturers maximum recommended rated value 
of 5V for the liquid crystal display. Also reverse polarity 
battery connections to the display will cause 
irreparable damage to the expensive display. So 
double check everything before you power-up. 


BUYLINES 
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Software 


Two software listings are shown here, one for the BBC 
in basic, and for those of you with an 8088 Assembler 


This program reads the keyboard, prints to screen and sends the 
characters in ASCII format from the serial port. 


a source program listing which reads the keyboard, 10 CLS 
prints to screen and sends serial data from the serial 20 *FK82 ‘150 baud 
30 *FX22 ‘Keyboard enabled, serial RX on 


port. Communications software is also widely avail- 
able for the PC, as well as public domain software, 
notably TELIX, A quick check of the unit can be made 
by connecting a TTL low frequency source to the 
input, This will cause random repetitive data to be 
displayed. 


40 A=INKEY(1):IFA=-1THEN30 If no key press GOTO 30 
45 IF A=130R A=10 THEN GOSUB 100 ;Return linefeed? 
50 *FX3,9 ‘Screen enabled, serial TX on 
60 VDUA ;Display data 
70 *FX3,0 ‘Screen on, serial TX off 
80 GOTO 30 
100 A=10:VDU A 
200 A=13:VDU A 
300 RETURN 


NOTE — Line 20 selects the baud rate. Replace 8,2 with the following 
numbers for different baud rates: 

*FX 8,3 300 baud 
*FX 8,4 1200 baud 
*FX 8,5 2400 baud 


Listing 1 Basic program for BBC computer 
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50 


NO TRIGGER 


BLACK GREEN 
advance selectiarm 


SYSTEM INITIALISED NO TRIGGER BYTE 


PRESS SELECT BUTTON (GREEN) 


150 Baud rate 
Trigger 
BAUD RATE SELECTED — 150 


BFF 
BAUD RATE SELECTED — 300 
KEEP BUTTON DEPRESSED, RELEASE BUTTON WHEN BAUD 
RATE SELECTED 
BAUD RATES: 150, 300, 1200, 1800, 2400 


PRESS SELECT/ARM BUTTON (GREEN) 


DISPLAY BLANKS 


SYSTEM ARMED AND WAITING FOR SERIAL DATA INPUT 


CURSOR INDICATING FIRST BYTE 
Table 2 Menu-driven operating procedure 


PROJECT 


PRESS SELECT/ARM BUTTON (GREEN) 


00 54 


T 
Position ASCII HEX 
BYTE RECEIVED=1ST ASCIICHARACTER=T HEX CODE=54H 


68 
HEX 


SUBSEQUENT CHARACTERS ARE DISPLAYED (Position 00 to 39) 
KEEPING BUTTON PRESSED WITH ADVANCE CHARACTER 


PRESS RESET BUTTON RED 


Trigger 
SYSTEM RE-INITIALISED 


OPERATING PROCEDURE FOR TRIGGER BY fE 


150 Baud rate 
Trigger 
BAUD RATE SELECT MODE 
GO TO PROCEDURE ’G’ 
‘MENU DRIVEN OPERATING PROCEDURE’ 
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0000 79 00 74 20 78 10 Fé O08 BS 38 FB 74 00 02 00 40 O2A0 20 B2 06 30 98 FA 02 04 71 BO 77 O02 BO 03 02 OO 
0010 FF FF FF FF FF FF FF FF FF FF FF 02 04 6E FF FF 02B0 00 12 02 8A C2 AB 75 O09 04 75 O8 B9 32 FF FF FF 
0020 cO DO CO EO 7E 10 1E 7F FF iF BF 00 FC BE 00 F6 O02CO FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF 
0030 DO EO DO DO 22 FF FF FF FF FF FF FF FF FF FF FF O2D0 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF 
0040 78 10 90 10 00 74 11 CO EO 83 75 6B FF 00 FO 11 O2EO FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF 
0050 20 DO EO 04 B4 19 FO 80 OB 00 00 30 38 38 06 OC O2FO FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF 
0060 80 02 01 FF 90 10 00 74 CO FO 11 20 90 10 01 74 0300 90 10 00 74 80 FO 11 20 90 10 O01 BB 00 14 74 OB 
0070 OB CO EO 83 FO 11 20 DO EO 04 B4 17 F4 80 OC 54 0310 CO EO 83 FO 11 20 DO EO 04 B4 OF F4 80 04 31 35 
OOBO 72 69 67 67 65 72 20 20 20 20 20 00 00 D2 B3 C2 0320 30 20 BB O01 14 74 OB CO EO 83 FO 11 20 DO EO 04 
0090 B2 00 00 E5 6B 90 10 01 FO 11 20 74 20.FO 11 20 0330 B4 OF F4 80 04 33 30 30 20 BB 02 14 74 OB CO EO 
OOAO E5 6B 12 04 00 ES 6D FO 11 20 ES 6C FO 11 20 30 0340 83 FO 11 20 DO EO 04 B4 OF F4 80 04 36 30 30 20 
OOBO B3 24 30 B2 FA 0S 6B CO DO CO EO 7E 10 1E 7F FF 0350 BB 03 14 74 OB CO EO 83 FO 11 20 DO FO 04 B4 OF 
00cO 1F BF 00 FC BE 00 F6 DO EO DO DO 74 80 B5 6B 03 0360 F4 80 04 31 32 30 30 BB 04 14 74 OB CO EO 83 FO 
OODO 75 6B 00 02 00 64 00 00 00 00 00 00 00 00 00 00 0370 11 20 DO EO 04 B4 OF F4 80 04 31 38 30 30 BB OS 
OOEO 00 00 00 OO 00 12 02 BA 30 B3 FD 02 02 00 FF FF 0380 14 74 OB CO EO 83 FO 11 20 DO EO 04 B4 OF F4 80 
OOFO FF FF FF FF FF FF cF FF FF FF FF FF FF FF FF FF 0390 04 32 34 30 30 22 FF FF FF FF FF FF FF FF FF FF 
0100 CO EO 54 FO C4 12 04 16 85 EO 6D DO EO 54 OF 12 O3A0 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF 
0110 04 16 85 EO 6C 22 C3 CO EO 94 OA 40 07 DO EO 34 O3B0 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF 
| 0120 07 34 30 22 DO EO 34 2F 22 FF FF FF FF FF FF FF 03CO FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF 
0130 75 6F 00 90 10 00 74 0C CO FO 83 FO 12 00 20 DO O3DO0 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF 
0140 EO 04 B4 14 F3 80 09 30 38 38 06 OC 80 O2 O01 FF O3E0 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF 
0150 79 00 78 10 90 10 01 75 98 50 75 89 20 8C 8D 0O O3FO FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF 
0160 D2 8E D2 AS D2 AB D2 AF O00 00 80 FE. 80 FC 02 02 0400 12 02 8A 75 6F 00 90 10 00 74 OC CO EO 83 FO 12 
0170 AO 00 00 C2 98 E5 99 AZ DO B2 D7 54 7F AD 6B F6 0410 00 20 DO EO 04 B4 14 F3 80 09 30 38 38 06 OC BO 
4 0180 BD FF 02 79 77 BS 6B 02 79 77 B9 77 O2Z2 80 03 00 0420 02 O1 FF 74 CO FO 12 00 20 90 10 O1 74 OC CO EO 
0190 00 32 C2 AB E6 FO 12 04 AS 08 BB 38 02 80 O8 00 0430 83 FO 12 00 20 DO EO 04 B4 1C F3 80 11 50 6F 73 
4 01A0 00 00 D2 AB 00 OO 32 80 O7 7F OB 1F BF 00 FC 22 0440 6E 2E 20 41 53 43 49 49 20 48 45 58 2E FF 7B 10 
: 01B0 00 00 75 09 04 75 08 BO 32 20 B3 03 02 08 00 30 0450 90 10 00 74 80 FO.12 00 20 12 08 BB 00 0O 00 00 
01cO B2 F7 90 10 00 74 OA FO 11 20 74 18 FO 11 20 74 0460 00 12 04 00 90 10 O01 E5 6D FO 12 00 20 E5 6C FO 
q 01D0 OF FO 11 20 12 02 8A 12 O02 BA 00 00 00 00 80 DI 0470 12 00 20 12 08 AD E6 FO 12 OO 20 12 O8 AO E6 12 
a O1EO0 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF 0480 04 00 ES 6D FO 12 00 20 E5 6C FO 12 00 20 30 B2 
q O1FO FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF 0490 FD 12 02 8A 08 05 6F BB 38 03 02 08 03 02 08 50 
4 0200 12 02 GA 12 02 BA 90 10 00 74 80 FO 11 20 90 10 O4A0 74 OC CO EO 83 FO 12 00 20 DO EO 04 B4 11 F3 80 
4 0210 01 74 0B CO EO 83 FO 11 20 DO EO 04 B4 19 F4 80 O04B0 06 20 20 20 20 20 FF 22 85 6F FO 74 OA C5 FO 84 
0220 OF 3F 20 20 20 20 42 61 75 64 2D 72 61 74 65 FF 04CO C4 25 FO 22 FF FF FF FF FF FF FF FF FF FF FF FF 
0230 7B 00 30 B3 OF 12 06 00 30 B2 F7 OB 12 02 8A BB 
0240 06 FO 80 EC C2 B4 90 10 00 74 CO FO 11 20 90 10 
0250 01 74 OB CO EO 83 FO 11 20 DO EO 04 B4 12 F4 80 
0260 08 41 52 4D 45 44 20 20 FF BB 00 02 7C 30 BB O1 
0270 02 7C 98 BB 02 02 7C CC BB 03 02 7C E6 BB 04 02 
0280 7C EF BB 05 02 7C F3 02 04 30 CO DO CO EO 7E FF 04D0- 
0290 1E 7F FF 1F BF 00 FC BE OO F6 DO EO DO ‘DO 22 FF END FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF 


Listing 3 EPROM dump 


_| 1 MILLION WATTS 
| Of pure class A amplification 


Yes, since their inception in 1986 the Supermos range of pure class A Hi-Fi 
power amplifier modules have clocked up a total power of 1 million watts and 
over 4000 customers and still growing fast. Thousands of modules have been 
sold worldwide and with three distributors in Sweden, Canada and Australia 
we are now the largest UK exporter of class A Hi-Fi modules. 

Just some of our customers include domestic H-Fi enthusiasts, clubs, mobile 
disco's, PA contractors, Hotels, TV/Radio stations, Universities, schools, 
Science institutes, Government depts, Cancer research — the list is endless. 


If you're thinking of builiding a new power amplifier or upgrading your 
existing one — then compare before you buy. 


No other amplifier, either in kit form, a module or ready built unit can match 
the Supermos2's performance or sonic qualities, No other kit amplifier in the 
world can boast ANY of these features: 


Totally pure class A operation even up to full output 
ippm distortion at full output for ultra clean sound 
685V/us slew rate for unbelievable sonic accuracy 
Top quality SMD components including custom built, 
4 matched semiconductors. PSU feedforward 
q eliminating PSU induced distortions, Clean PSU 
ripple free clipping (a world first) 


Eliminate the rather dubious, and variable uncertainty of performance obtained 
from other kit amplifiers. Take the quesswork out of Hi-Fi construction, 
remember the Supermos modules are ready built, tested, and with a 
hey Lert performance level. Don't just take our word for it, here are extracts 
rom just some of the hundreds of unsolicited letters were receive: — 
Compared to a £40,000 system at ‘Rapsody' my Supermos2's have more refined detail and 
accurate placing of instruments. — A, Houtapeils. 
My wife is an oratorio singer, and sound has to be of very high quality or she wil! not stay 
in the room, with € Supermos2’s driving active isobariks even my wife can now enjoy 
listening, you have done the Collier family a great service, — Dr. Collier. 
{have to hand many Pll Hi-Fi systems to compare with my Supermost's, when fed 
from a Mission PCM CD feeding Van de Hul 102/2 speakers the sound is marvellous, 
Jam very pleased. | now want to build a Supermos2 system. — E. Andreski. 


SURPLUS STOCK 
CLEARANCE 


Awide range of Regulated Power Supplies 
FOR SALE 


for full details, contact:— 


Telephone: (0202) 482284 
reneterat: 44) aa ror 
Ox: 41276 Hi 
Electronics Division Fax: (0202) 470805 
Somerford Road, Christchurch, international: (44) 202 470805 
Dorset BH23 3PN, England Gold: 74 ELP209 


FOR YOUR VALUABLE COLLECTION 
OF ELECTRONICS TODAY eum, 
INTERNATIONAL MAGAZINES ff £6.20 @ 
“SMART EASY TO USE-TOP QUALITY inc. ff 
To ASP Readers Services, pap @ 
Argus House, Boundary Way, Le ¢ 
Hemel Hempstead HP2 7ST (0442 66551) ‘eo {| 


STOP PRESS! Just released, the SAGE AUDIO “'Digitrap” digital filter for all I . 7 
types of CD players resolves up to 30 times more detail. SAE for details. , i supply re alain Today International § 
Supermos1 £85 Supermos2£140 Digitrap! £39-85 Digitrap2£59-95 nasa alae: 
Total £....... (Please make cheques payable to ASP 
There's so much more to the Supermos2 that we cannot tell en in this ad, Send 1 ; 
now for an eight page g brochure giving full details. Years Required: 198... 198.00 
Toreceive a brochure please send £1.50 cheque or coins and a 9x12 28p SAE; ey i Nai 
Overseas send 6 international reply coupons to:— 7 - 5 ame 
fq SAGE SAGE AUDIO. Construction House = mf PROMOTER 5555 cscs ascnenaziersenesinanndaadeaasandaganansuncenvsanaewerlt 
i Accems BE AMET AT Li 


fa8)8) Whitley Street, Bingley, Yorks, BD16 4JH, England, 


4 Please allow 21 days for delivery. 
aeauenHRe ee See eee eee = 
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Dennis Stanfield 


shows how, by careful 


design, a very low 
cost frequency meter 


can be built 
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PROJECT 


DIGITAL 
FREQUENCY __| 


et's face it, a large proportion of the 

enjoyment derived from a hobby interest 

in electronics comes out of the designing 

and building of a project from the germ of 

an initial idea. When at the end of the 
process we are the proud possessors of a useful piece 
of electronic wizardry then the pleasure is of course 
multiplied many fold, though we would all no doubt 
admit to having at least a small pile of part constructed 
projects in a corner somewhere, which we will “get 
around to finishing sometime” 

If, like me, you take a perverse pleasure in doing 
things your own way you will no doubt begrudge the 
thought of paying out anywhere between 25 and 30 
pounds for a single IC containing almost all the logic 
circuitry for a frequency counter. After all, part of the 
fun has gone. 

Mind you such chips have, thankfully, effectively 
disposed of some of the marathons of TTL-based 
construction which have been seen in the past, with 
30 to 40 ICs being common. It is however a fact of 
life that the amateur constructor purchasing in one- 
off quantities pays dearly for such convenience. 

After some thought it became clear that a 
frequency counter could be realised using mainly 
CMOS logic, only reverting to TTL or 74HC devices 
where such speed was essential. This is possible at 
considerably less cost than the usual ‘7216’ route and 


with no penalty in terms of performance or power 
requirements (in fact, ignoring the prescaler chip all 
parts except the case should cost about the same, or 
very little more than a 7216 chip alone). 

Although the resulting circuit is more complex, 
construction is straightforward and any error will not 
have such dire and costly effects. 

The circuit described here is capable of counting 
to around 200MHz and operates at 5V TTL levels 
with a power requirement of about 150mA. Accuracy 
is limited only by the stability and adjustment of the 
crystal oscillator at the heart of the control gating 
circuitry. 

A little added extra which [ have not seen in any 
other published design is the provision of a crystal 
controlled square wave output (at TTL 5V level) at 
11 spot frequencies in the audio to ultrasonic range. 
The working prototype excluding case cost £35, 
How's that for value? 


Construction 


The counter is constructed on three single-sided 
PCBs, the design resulting in a minimum of off-board 
wiring for ease of construction. Although a double- 
sided board could have been specified for the main 
logic circuitry the space saving would not have justified 
the considerably increased costs to those who wished 


MOUNTED ON 
Sw2 


Fig. 1 Circuit diagram of Input Amplifier 


D012 = 1N4148 


O OUTPUT 
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INPUT 
GND 


Fig. 2 Component overlay of Input Amplifier 
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to purchase ready-made boards from the ETI PCB 
service. 

This has however unfortunately necessitated the 
use of a considerable number of on board wire links 
but these are, in the main, duplicated through the 
design and are easy to follow. 

The boards comprise an input conditioning 
amplifier (Fig. 1) housed in a screened case to exclude 
noise pick-up from adjacent logic circuitry, a main 
logic and PSU board and finally a display and square- 
wave output board. In order to keep costs down 
transistor drivers and standard LEDs of the type 
available on the ‘surplus’ market are used. This gives 
good results at the expense of some added circuit 
complexity. The display gives a low level output and 
constructors may wish to experiment further with this 
(see Fig. 8). 

It should be noted that high-efficiency LEDs 
would give improved display brightness. The current 
output capacity of the 4511 driver is only about 25mA 
per segment — and remember that due to the 
multiplexed display each digit is driven for only 10% 
of the time resulting in an average of 2.5mA per 
segment. High-efficiency LEDs were found to give a 
bright display but standard LEDs are very much less 
expensive. 

It is recommended that the boards be con- 
structed in the order of display, logic, and input amp, 
as each board may then be used to check the correct 
operation of each following board. For checking this 
procedure an unregulated power supply of 9-12 volts 
is required, All mains potential connections should be 
sleeved and fully insulated in the case and proper 
cable strain-relief grommets used as a matter of 
course. A knot in the cable will not do. 

Construction should follow the order of: on- 
board links, sockets and off-board connectors, passive 
components and finally transistors, diodes and crystal. 
Neither ICs nor fuse FS2 should be installed yet. The 
input amp-conditioner is totally enclosed in a small 
metal box for screening purposes and holes must be 
drilled for connecting wires. It is important to ensure 
that component leads on this board are as short as 
possible. 


Initial Testing 


The display may be powered up for testing using the 
same power supply as before being careful to observe 
correct polarity (LEDs have a very low reverse voltage 
tolerance), A 330R resistor must be used in series with 
the segment drive lead to limit drive current. 

With no ICs (except the 7805 regulator) fitted, 
the main logic board may be powered up and a check 
made that the correct voltages are present at the 
relevant points on the board. 

If all is well remove the power, remove fuse FS2 
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and connect an ammeter reading to >200mA across 
the fuseholder and insert all [Cs noting correct 
polarity. 

The display board may now be connected and 
on re-application of power the meter should read a 
current of around 150mA. If not switch off and 
recheck your work, especially correct polarity of 
components. 

If the count input pin is connected to OV, the 
display should settle to a 0 reading at the least 
significant digit. Connect a flying lead between +V 
and point ‘X’ on Figs 3 and 4 (above R22) and all eight 
digits should light ‘O”. When completed, the input amp 
may be connected and a signal applied. 


Assembly 


The front and rear panels are drilled out and all holes 
should be de-burred and the paint removed from 
around the rear of the aperture for SKT1 and from 
around the transformer mounting holes to ensure a 
good earth connection. 

Front panel legends on the prototype are rub 
down transfers of the type available from Maplin, the 
2.5mm series being a useful size for this application. 
The display is mounted with the overlapping filter 
hiding the countersunk screw heads. 

All inter-board connections use 0.lin or 0.2in 
connectors to make any service work easy, when 
required. Cl is mounted directly behind the input 
socket and C2, C3, R1 and R2 are all soldered around 
switch SW2. 

A final check over the interconnections and the 
mains wiring should be made and if all is well power 
can be applied. After 1-2 seconds the display will 
stabilise reading OHz. 


Setting Up 


It should be noted that the 8629 prescaler in the high 
range will read quite low frequencies provided these 
have very fast rise and fall times (10s of nanoseconds) 
but the rather lazy risetime of sine or triangle wave- 
forms will give misleading readings at much below 
10MHz. 

Count accuracy is set by adjusting CV1 which 
varies, over a very small range, the oscillation 
frequency of the 4060/XTAL oscillator. This must be 
done while feeding the unit a precisely known input 
frequency, at as high a frequency as possible on the 
low range — say around 30MHz. The building of a 
test crystal oscillator is not recommended unless a 
known counter is available for comparison, as that 
crystal may also have an adjustment tolerance and we 
would be simply transposing any error. 

Once a correct test readout is obtained the case 
top should be fitted loosely and the counter and 


oS 


ETI NOVEMBER 1989:) 


PARTS LIST 
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Fig. 4 Component overlay of main board 
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Fig. 8 Circuit diagram of boosted LED driver 


BRI 


FS2 i 

= N17 | 
a 

cns—c12 COM! ¢13 

220u | 100n 

16V 


DISPLAY 
— INPUT 
BOARD 


TO Sw2 
VIA C2 


LEDS LED4 _LED5 LED6 


moOomPrane 


12345678 
Locic 


6 @ aM2 : 
3 
% wM2 


ALL DIMENSIONS IN mm FRONT PANEL 


Fig. 9 Front panel drilling instructions 
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HOW IT WORKS 


cE 
source frequency left running for an hour or so. Any __ subject to the short and long term stability of the crystal 
further adjustment after that time should be very _ oscillator. 


minor, if any. The TTL outputs can be switched The input attenuator allows the reading of very 
through and checked for correct frequency on the low high voltages, from valved circuits for example, but 
range. the attenuation may be adjusted as required by 
The ranges are approximately: changing the value of R2. Input sensitivity is around 
Low — 0 to 30MHz at 1Hz resolution. 350mV rms. By switching the input attenuator switch 


High — 0 to 200MHz at 100Hz resolution. to ‘O/P’ the TTL output frequency may be read off 
Allreadings are + 1 least significant digit and are directly. ETI 


Ll here canes P. M. COMPONENTS LTD oie 


FAX SELECTRON HOUSE, SPRINGHEAD ENTERPRISE PARK 966371 
ates 0474 333762 SPRINGHEAD ROAD, GRAVESEND, KENT DA11 8HD TOS—PM 


VALVES 3 


BRIMAR — COSSOR — EIMAC — GEC 
— HIVAC — MAZDA — MULLARDS — RCA — 
SIEMANS — SELECTRON — TEONEX — ETC 


Over 3 million valves available from stock. Please 
phone for a competitive quote. 


We offer: specially selected pre amp valves; a wide 
range of matched power valves; high quality CV 
and ruggedised valves; transmitting, receiving, 
industrial and rare vintage wireless valves and 
sockets. 


We also offer: Semiconductors; Video Heads and 
Belts; Integrated Circuits; Diodes; Industrial 
Cathode Ray Tubes. 


How to buy: You may phone our sales desk 0474 
560521 (24 hour answering service) and order by 
credit card or send your order with cheque/postal 
order and we will despatch all ex stock items the 
same day. 


UK orders p&p £1.00 per order. beth “ro “ry “ 
Please add 15% VAT to prices shown. 1261 19.50 VR15030 2.50 


att 25.00 | 727A 1000 | EFe6 250 | 2759 1500 


THOUSANDS OF OTHER TYPES AVAILABLE 


Export orders welcome, carriage at cost. 
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PCB FOIL 
PATTERNS 


© 


Burglar Buster (December 1988) 

The foil part of the component overlay for the basic 
alarm (Fig. 1) was printed the wrong way around. 
It should be rotated through 180° as in Fig. 5, In 
Fig. 4a, Q3 is shown with its collector connected 
to the emitter of Q4. This is wrong — it should be 
connected to R5 and the base of Q4 as on the PCB 
overlay. 


Ff 


Audio Design MOSFET Amp (May 1989) 
For home constructors of the power amp PCB 
(Fig. 8). the copper area connecting the negative 
of C7, C14 and R20 is a OV #2 connection and 
should be linked to the OV #2 copper area at the 
junction of C16 and C18+. Hart's kit PCB has a 
ground plane and no mod is necessary. Note that 
the preset at the bottom right of Fig. 8 takes the 
place of an external RV3 rheostat when bench 
testing and is not normally required. In Fig. 7 R14 
is not shown — it should be in series in the negative 
feedback line between C8 and D3. Also in the parts 
list C20 is LOOUF and R9 is 2k2. 


Bench Power Supply (May 1989) 
In the Parts List. Q3.4 should be BC237 not 
BC307. The value in the circuit diagram is correct. 


How To MIDI A Piano (June 1989) 

In Fig. 5 the connection from pin 19 of IC8 
(MREQ) should go to pin 12 of IC7a, not pin 13 
as shown. The component overlay is correct. 


MIDI Patchbay (July 1989) 

Figure 3 shows Q1-6 as npn transistors. They 
should in fact be pnp and their emitters should be 
connected to R2-12 respectively (R12 is unlabel- 
led}, Although the bases are all connected together 
they should not be connected to their emitters. 


Reflex Action (July 1989) 

Two lines in the listing on page 30 need 
amendment. Line 180 should read 

180 PRINT “Enclosure volume =";vb:PRINT tuned 
to":fb;"Hz":PRINT” -—3db at “: £3:PRINT 
"Ripple =";r;"db" 

Line 280 should read 

280 1=(2700"a)/(vb"fb 2))-0.96*(a 0.5) 


Chronoscope Revisited (September 1989) 

In the paragraph headed ‘Connections, D10 should 
read LED8 (on the sensor board). Also in Fig. 2. 
1C10 is shown reversed. The notch should be next 
to R49. 


Field Power Supply (September 1989) 

Figure 2 was printed with the artwork densities 
reversed, rendering a trifle tricky to interpret. It was 
reprinted together with a omitted col winding data 
on P62 of the October 1989 issue. A free 
photocopy is available from ETI Editorial on receipt 


of an SAE. The serial logic scope copperside foil 
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The frequency meter input amplifier foil 
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The smoke alarm main foil 


REPRESENT 
YOUR REGION 
AND ATTRACT 

MORE CUSTOM 


BIRMINGHAM 
“SUPERTRONICS” 


Speakers, components and test ig ip ~ = 
(new and —_— at very competitive pri 
ome and see us at 
‘BIRMINGHAM 
65 HURST STREET, 
BIRMINGHAM B5 
TEL: 021-666 6504 
9-6pm 


EDINBURGH 


OMNI ELECTRONICS 
174 Dalkeith. Road, ™ 
Edinburgh EH16 5DX 
Tel: 031 667 2611 


in: Mon-Fri ance toot ara 
Send 2x 18p st atest catalogue. 


+a wvre2o0omqaeu734q749)08eE. Mm@rem 
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The smoke alarm power supply foil 


RETAIL OUTLETS 


LONDON 


DIRECT ELECTRONICS 
ELECTRONICS COMPONENT SPECIALISTS 


627 ROMFORD RD, 
MANOR PARK 
LONDON E12 5AD 
Tel: 01-553 1174 


Mon-Sat 10-6 pm/Thurs 10- -ipm 
We stock a large range of TV & Video spare: 


LIVERPOOL 


PROGRESSIVE RADIO 
87/93 Dale Street Tel: 051 236 0154 
47 Whitechapel. Tel: 051 236 5489 


‘THE ELECTRONICS SPECIALISTS’ 


Open: Tues-Sat 9.30-5.30 


TO ADVERTISE 
YOUR RETAIL 
OUTLET IN 


ELECTROMART 
TELEPHONE: 


0442 66551 
TODAY 


FOR MORE 
INFORMATION 
ON SERIES 
DISCOUNTS FOR 
THE ELECTROMART 
CONTACT 
JOHN BRASIER 
ON 
0442 66551 


WOLVERHAMPTON 


WALTONS OF 
WOLVERHAMPTON 
Established since 1947 


55A Worcester Stre Wolverhampton 
Mon-Sat: 9-6 pm Tel: 0902 22039 


+H vreowdwd 0O0Mmrenm 
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he December issue ETI is the first of our oh-so- 

generous FREEBIE give-away issues — we strongly 
recommend an early visit to your local neighbourhood 
newsagent to reserve your copy before they all go. 


On the December cover we'll be giving away a bag 
of components for you to build your very own 
surveillance bug. 


In January there will be a PCB with enough space 
to construct two such bugs, plus a telephone surveillance 
device, plus our counter-surveillance spy catcher. 
Outstanding value for nothing, we think you'll agree! 


Then with the February issue of ETI we'll be giving 
away an extra special issue of ET] — absolutely free, no 
catches, no strings attached, honest guv. How do we do 
it? Ten per cent inspiration, eighty per cent perspiration 
and the rest in used fivers. And gallons of coffee. 


But we digress. Back in the December issue there's 
plenty to keep you busy while you tune in to your free 
bug. Build a digital noise generator — useful for testing 
or for sound FX. Build the Pedal Power project to feed 
a line of guitar effects as well as pre-amping the axe itself. 
Beginners can construct an alarm to announce the failure 
of mains power. 


We'll be looking at safety — the dangers of home 
construction and the points often missed even on 
professional gear. The Patent Office comes under scrutiny 
— is a patent worth the bother and how do you get one 
if it is? 

Plus we'll have reviews of EPROM Programmers, the 
return of our reader's circuits pages, and much much 
more. 


So dont get left out in the cold — get your copy of 
the December ETI — out November 3rd. 


The above articles are in preparation but circumstances may prevent publication 


8031 64180 80188 
LOW COST CONTROL MODULES 


Module CPU RAM EPROM I/O Cost from 
uE31 8031 32k 32k 40 £45.95 
uE180 64180 32k 32k 48 £69.95 
uE188 80188 32k 32k 48 £79.95 


uE — BPS 5 volt P/S — Backplane — RS232 £49.95 
uE — OPTO 8 channel Optically isolated input £59.95 
uE — RLY 5 Channel Relay board £39.95 
SB51 8031 Cross Assembler — PC Host £39.95 


GNC ELECTRONICS a. = 


Tel: 0379 644285 
Unit 2B Gilray Road Diss Norfolk IP22 3EU 


hanks to Rock Circus, The Tussauds Group and the 

sponsors Fuji Film, we have six pairs of tickets to Rock 
Circus (see pages 18-20). Although strongly tempted to 
hang on to them ourselves, we've decided to give them 
away to six readers who can complete the classic album 
titles below and send the missing words on a postcard to. 
ETI Rock Circus Competition, Argus House, Boundary 
Way, Hemel Hempstead HP2 7ST. 


You need to move fast — the tickets are valid only 
until December 31st so we'll close the competition on 
October 17th and post the tickets to the winners that very 
day. Only one entry per person. 


1. DARK _______ | OF THE MOON 


2. THE WHITE 


REQUIRED 


5. VENUS AND____ 


ADVERTISERS’ INDEX 


AUDIO KITS 

BARCLAYCARD 

BK ELECTRONICS 
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HOBBVEIT sssicssccscescsscrsaciscvascieis won 43 
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FLAME MASTER 
HOT GAS SOLDERING TOOL 


Superb Pocket Size Portable Gas 
Soldering Iron 


Interchangeable Tips * | 


Powered by Butane Gas | 
Simple to Refill 
Temperature up to 400°C (750°F) 
Up to 2 Hours Continuous Use 


FLAME MASTER 
5 IN 1 HOT GAS TOOL KIT 


Complete with tough moulded to measure case and including: 


MULTI-PURPOSE TOOL 
4 Interchangeable Soldering Iron Tips 
Soldering Iron = 
Hot Cutting Knife —$ 
Wide Area Flame Torch a. — 
High Temperature Flame Torch x 
Hot Air Blower 


GREAT FOR 
Electrical and Electric Work 
Cutting Plastics and Fibres 
Sealing, Bonding and Shrinking 
Removing Paint and Putty 


The Flame Master hot gas tool kit has many uses. It can be a soldering iron, 
a pencil flame torch, a hot air blower or a wide (flat) flame torch. 

You can fit the soldering head with a selection of soldering tips and the hot knife, or you 
can fit the flame head, onto which you can attach the hot blower or the wide flame unit. 
The choice is yours! é 


Order Coupon Send this coupon to P.0. Box 3, Rayleigh, Essex SS6 8LR 


Quantity | Description Code 


MBELTIRNE kc teksts twa bconagystyicueaa eked ites feaeb ain SANA Soesevsan iT oes TOR PTOEE Add Carriage 
If order below £5 

Address .. poses Hakiaese please add 50p 
CRO a visit PORE COOG: «arise as yiearie Total 


| authorise you to debit my Credit Card account for the cost of goods despatched. 


ee ESR RERSHMREE SERS PHONE BEFORE 5PM FOR SAME DAY DESPATCH 


‘ ALL PRICES INCLUDE VAT. 

: All items subject to availability, both items will be on sate in our shops in 
ordering by Credit Card please Sign ....-..svsevssessecessesssssnseresenersesnsnicsssssseanenunnnsnserensesnennesses ; ' Birmingham, Bristol, Leeds, Hammersmith, Edgware, Manchester, Nottingham, 
Expiry date of Credit Card ....esccscsesesessessseessessseeessssunee paibl Aeseice er artaiesoaaettniags Precaiaaies ETI + Southampton and Southend-on-Sea. 


ACOSSS AMOK VIBE oi..ccesnicsecererssecereserseraes BE Se he a Delete as required 


